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Abstract 


The Use of Montana coal as an energy source has been approached 
from an engineering-economic view. Coal reserves are annotated 
and discussed. Montana has no proven underground reserves but 
about 42 billion tons of proven surface reserves. Alternate 
extraction methods are investigated in an attempt to justify and 
predict the underground mining characteristics, physically and 
economically, of reserves now considered surfaces minable. This 
could be done at cost comparable with other underground operations 
while suffering surface subsidence and also at lower recoveries 
than experienced in surface mining. 

The market potential of Montana is examined from today's view 
and from a what if philosophy. Undoubtedly Montana has a firm 
place in a gradually growing steam-coal market. Possibilities of 
gasification or liquefaction exist but are unpredictable even 


though Montana coal meets the requirements of such use. 
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Introduction 


General 

The abundant availability of energy is fundamental to the strength 
and economy of the United States. The annual consumption of all forms 
of energy in the United States has increased seventeen fold in the past 
century, while the population has increased some five fold. Coal, as 
an energy source, has lost its leading position to natural gas and 
petroleum. However, the coal industry is experiencing a period of 
rapid growth which began in the early sixties. 

The forms of energy available which are important or may be of 
importance in the future include fossil fuels, geothermal energy, 
tidal energy, intercepted solar radiation and nuclear energy by both 
fusion and fission. Presently only the fossil fuels, nuclear energy 
and small scale tidal and geothermal energy are being utilized commer- 
cially in the energy market. 

The fossil fuels include coal, oil shales, tar sands, natural 
gas and petroleum which are rich in chemically stored energy. The 
minable coal resources of the world are estimated to be 7.3 trillion 
metric tons and this is only 50 percent of the total coal in the 
ground. The United States coal resources are estimated to be 1,581 
billion tons (1). The major recoverable energy resources of the United 
States are shown in Table 1. Although there are possibilities for 
energy supply from other sources in the future, it appears that considerable 
technology will be necessary in order to make these possibilities 


economically feasible. On the other hand the outlook for fossil fuels, 


especially coal, appears to be confirmed for at least another 50 years 


despite development in nuclear energy. 


TABLE 1 RECOVERABLE ENERGY RESOURCES 
OF THE UNITED STATES. (2) 


Resource Reserves in Quintrillion BTU 
Coal 30.0 
Natural Gas Le 
Oil 250 
Uranium U30g8 Ld 
Uranium (Breeder) 730.0 


Future Energy Demand 


Between the years 1971 and 2000, the United States will consume 
more energy than it has in its entire history. By the turn of the 
century, the annual U.S. demand for energy is expected to double and 
that for the world, to triple. These projected increases will try 
man's ability to explore, discover, extract, and beneficiate the fuels 
in volumes necessary, to transport them safely and to dispose of 
effluent wastes with minimum harmful environmental effects. Considering 
the difficulties experienced at present in mining safely without 
environmental damage, in finding acceptable locations for new power 
plants and in controlling stack emissions from existing plants, the 


energy projections for the year 2000 indicate the need for a thorough 





evaluation of the available options and cautious planning. (3) 

Figure 1 shows the energy demand for the U.S. calculated to the 
year 1985 when the annual energy utilization rate will be nearly double 
the present rate. Figure 2 shows the growth of coal requirements of 


the U.S. for traditional and possible new energy adaptations that use 


. 
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coal as a base. Figure 3 shows past production and future coal demand 
for Montana. These three graphical displays tie Montana's coal picture 
to that of the nation. They indicate that Montana could produce up to 

7% of the nations coal and possibly 1.5% of the nations energy by 1985. 
These figures are based on a Montana production of 60 million tons per 
year. A more realistic figure in view of recent development rate is one- 
third to one-half of that however. 

In order to meet the growing demand for energy, all fuels will be 
required in increasing quantities. Economics and technology must also 
assure that each fuel be put to the use for which it is best suited. (5) 
Coal has gradually overtaken natural gas and petroleum in the field of 
electricity generation and the use of nuclear energy has increased. Low 
cost strip-mined coal will be competitive with nuclear energy for some 
time. Forecasts indicate that as technology in the field of coal .gasifi- 
cation progresses, demand for coal may shift from electricity generation 
to synthetic gas and liquefied products. Figure 4 indicates the effect 
of synthetic gas on increased coal requirements. 

If coal gasification becomes feasible by the late 1970's or early 
80's, the demand for coal may not decline as rapidly as predicted. 
Although there is no direct answer to forecasting energy demand and 
fuel usage, coal should have an assured position throughout the fore- 
seeable future because of its abundance, widespread distribution and 


chemical versatility. (5) This is indicated, again, in Figure 2. 


Coal as an Energy Resource 


In the light of future predictions for energy and fuel demands, 
coal usage will be prevalent in the electricity generation industry for 


at least another 50 years. Presently the Applachian region of the 
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Montana Coal Production, by year 


Figure 3 

United States produces the bulk of the coal to satisfy this demand. 
Although butuminous coal is leading in production ahead of both anthra- 
cite and lignite, future indications are that production from Western 
fields will increasingly enter the coal market at the expense of east- 
ern bituminous production. This is partially due to the growing 
scarcity of easily minable eastern coal deposits. 

The largest coal deposits in the country are located just east 
of the Rocky Mountains, in the states of Montana, Wyoming and North 
Dakota. Figure 5 shows the location of the major deposits in Montana 


and adjacent states. 
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FORT UNION COAL AREA IN EASTERN MONTANA 
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The bulk of these coal seams are located at depths of 10 to 150 
feet and are well suited for strip mining with recovery rates greater 
than 90% within the confines of the mine. Although the BTU content 
of these coals is lower than eastern coals, ranging from 5,500 to 
8,500 BTU/1b, western coals are low in sulfur which makes them 
desirable for utilization in electricity generation. 

Since coal gasification is closer to becoming feasible than 
developments in the field of oil shale production at a time when 
crude oil supplies are diminishing, large volumes of coal will continue 
to be required to meet the energy demands of the future. Because of 
its abundance, especially in the large western deposits, coal will be 
available to meet part of the energy demand through both coal gasification 
and electricity generation. 

Potentially, Montana coal as an energy resource exists in quantity 
and quality to contribute favorably to our nations energy demands. The 
fulfillment of that contribution is not yet a reality nor is it dominant 
on the horizon. Conflicting goals range from promoters who view coal as 
dollars for the adept lessor to ecologists who rite es te Montana as a 
sacred cow. Hopefully, a middle ground exists for orderly development 
of another of our rich resources in a manner acceptable to industry 


and to the citizens of Montana. 


Montana Coal Reserves 

A great deal of misunderstanding has been displayed in the news 
media and elsewhere over the terms "coal resources" and "coal reserves." 
An unfortunate effect of this has been to create terrible confusion as 
to the true picture of the availability of minable coal in the United 


States. Even high government officials and legislators have apparently 
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failed to grasp the fact that the two terms represent different 
categories of material (6). 

The term resource describes a concentration of naturally occurring 
materials in such form that the economic extraction of a commodity 
is currently or potentially feasible. Reserves are limited to that 
portion of the resource which can be economically and legally extracted 
at the time of determination. From this differentiation, at present 
Montana has no legitimate reserves of minable underground coal reserves. 
A substantial tonnage of strippable reserves has been deliniated however. 

To further clarify resources, adjectives such as measured, 
indicated .and inferred precede resource estimates. Measured coal 
resources are those for which tonnage is computed from dimensions 
revealed in outcrops, trenches, mine workings and drill holes. The 
points of observation and knowledge of the deposit are well enough 
defined to compute the tonnage within 20 percent of the true tonnage. 
Indicated resources are those which have a tonnage computed partly from 
specific measurements and partly from projection of data on the basis 
of geologic evidence. Inferred resources consist of quantitative 
estimates based on broad knowledge of the geologic character of the 
region and for which few measurements are available. (5) 

With the background of definitions well in hand, the energy 
crisis which bloomed last year has confused the measurement of resources 
again. Since coal resources are measured in tons, oil in barrels and 
natural gas in cubic feet, any effort to correlate our energy resource 
dimension must use a common denominator---Btu. A Btu is the amount of 
heat required to raise the temperature of one pound of water one degree 


Fahrenheit. To use such a small unit of measurement (one ton of typical 
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Montana sub-bituminous contains 17 million Btu), national energy 
requirements are expressed in quadrillion (101°) Btu. The term 
quadrillion is also stated in the form of Q. 


Btu equivalents of common energy sources are: 


Crude oil, per barrel 5,800 ,000 
Natural Gas, per cubic foot 1,032 
Coal, per ton - eastern 24 ,000 ,000 
‘Electricity, per kwh 3,412 


From the list above, it is obvious that Btu does not clearly define 
resource requirements as the Btu value of all fuels is variable both 
regionally and locally. The 1973 gross U.S. energy input was about 
76Q. (7) To supply this, 3,000 million tons of eastern coal would 
suffice while 4,470 million tons of Montana coal would be required. This 
report will discuss coal resources and reserves in terms of tonnages. 
Having supplied resources with three adjectives which define their 
accuracy of measurement, one step further will close more precisely on 
reserves. Realistically, reserves are those which the coal mining 
industry is interested in and those which contribute substantially to 
our energy input. The indication here being that the more profitable 
reserves will be used before those more difficult and expensive to attain. 
Reserves of economically exploitable coal are defined as material 
having a thickness over 28 inches and less than 1000 feet of over- 
burden. This is further thinned by classifying "economically available 
reserves" as those excluding lignite and intermediate--thickness (28 to 
42 inch) bituminous and sub-bituminous seams. (7) 
To Montana, the previous limitations cut a considerable amount 
of our coal resources. However, Sees consumption of lignite is 


obviously economically viable. Also, considerations of low sul] fur 
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coal value has not been accounted. obs eeeekacs is the point however, 
and the previously listed limitations do control well over 90 percent 
of the U.S. market. The definition of reserves over resources cuts 
1,581 billion tons of U.S. coal resource to 209 billion tons of 
economically available reserves, 13 percent of the resource at today's 
market. 

The preceding commentary not only indicates the status of U.S. 
coal energy, but also shows the importance of understanding resource and 
reserve estimates. Another important aspect demonstrates that coal 
resources can change drastically as interest increases. On January 1, 1968 
Montana had strippable reserves of 6.897 billion tons (8). By the spring 
of 1974, Montana had an accountable 32 billion tons of strippable reserves 
(9), all east of the Little Big Horn and south of the Yellowstone River 
exclusive of Indian land. Montana strippable reserves are now estimated 
to be 42.5 billion tons and this alone approaches the U.S. Bureau of 
Mines figure of 45 billion as indicated in IC 8531 (8). The Federal 
figure reduces the resources by an 80 percent recovery factor and 
. deletes coal considered to be unminable such as that steeply dipping, 
outcrops, under surface installations of perminence, etc. In fact, a 
great portion of Montana's "reserves" will undoubtedly be unrecoverable. 


Table 2 lists the most recent strippable reserves by Matson. 


Minable Underground Reserves 


From the preceding discussion, a flat statement that Montana has 
little or no underground minable coal reserves should come as no shock. 
It is true that there exists considerable amounts of coal in the ground 


and that prior to 1920 sizeable tonnages were produced. Estimates of 
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10 


11 


14 
15 
16 


17 
18 
19 
20 
21 


22 
23 


24 
25 


33 
34 
35 
36 
37 
38 
39 
40 
4) 
42 
43 
as 


Name of field 


Decker 
Deer Creck 
Roland 
Squirrel 
Kirby 


Canyon 


Birney 
Poker Jim Lookout 
Hanging Woman Cr. 


West Moorhead 


Poker Jim O’Dell 


Otter Creek 
Ashland 


Colstrip 
Pumpkin Creek 
Voster Creek 


Broadus 

last Moorhead 
Diamond Butte 
Goodspeed Butte 
Vire Gulch 
Sweeney-Snyder 
Yager Butte 


Threemile Buttes 
Sonnette 


Home Creek Butte 


Little Pumpkin Creek 


Sand Creek 
Beaver-Liscom 


Greenleaf-Miller Creek 


Pine Hills 
Knowlton 


Sarpy Creek 
Cheyenne Meadows 
Little Wolf 
Jeans ork 
Wolf Mountains 
Lame Jones 
Lamesteer 
Wibaux 

Little Beaver 
our Buttes 
Hodges 
Griffith Creek 


MONTANA BUREAU OF MINES AND GEOLOGY 


Table @. -- Strippable subbituminous and lignite coal fields, eastern Montana 


Coal bed 


Est. reserves in 
millions of tons 


Anderson-Dietz 1&2 2,239.99 
Anderson-Dietz 1&2 495.65 
Roland 218.04 
Roland 133.41 
Anderson 216.52 
Wall 473.69 
Dictz 834.35 
Canyon 158.53 
Wall 1,884.25 
Brewster-Arnold 65.86 
Brewster-Arnold 180.55 
Anderson-Dietz 872.65 
Anderson 1,583.29 
Dietz 1,120.96 
Anderson 883.74 
Dietz 397.49 
Canyon 690.19 
Knobloch JH3.29 
Knobloch 564.78 
Knobloch 2,075.55 
Knobloch 2,696.20 
SawyerA &C 357.49 
Rosebud 1,439.26 
Sawyer 2,426.50 
Knobloch 708.13 
Terret 460.87 
l‘lowers-Goodale 258.90 
Broadus 739.82 
T azar ll 
Canyon 418.02 
Cook 628.95 
Pawnee & Cook 336.69 
Terret 326.33 
Elk & Dunning 1,175.86 
Cook 3:12:02 
Canyon & Ferry 225.40 
Pawnee 320.25 
Cook 362.98 
Canyon & Ferry SVD) 
Sawyer A&C, D,X,& E 215.83 
Knobloch 267.34 
lowersGoodale & Terret 135.87 
Knobloch 491.62 
Rosebud, Knobloch, and 453.71 
Sawyer 
Dominy 193.87 
Dominy (M & L) 747.51 
Dominy (U) 120.31 
Rosebud-McKay 1,500.00 
Knobloch 1,200.00 
Rosebud-McKay 314.00 
90.00 
1,922.00 
Dominy 150.00 
Harmon(?) 35.00 
iC 643.00 
ty 134.00 
C 91.00 
10.00 
10.00 


Acreage 


25,523 
14,214 
12,076 
6,208 
3655 
5,952 
17,516 
+,066 
23,859 
2,067 
6,969 
19,609 
30,547 
43,654 
19,660 
20,416 
22,547 
7,890 
7,187 
25 719A 
27,200 
20,262 
33,379 
45,695 
27,801 
27,462 
14,444 
18,429 
15,559 
21,363 
13.446 
8,486 
10,921 
26,924 
14,507 
13,836 
8 224 
10,470 
4.851 
8,534 
S952 
8,851 
17,075 
14,918 


6,022 
19,613 
4 448 
42,373 
13.560 
7411 
3,800 
31,000 
10,593 
1,978 
18,518 
8,445 
5,180 
807 
568 


% 


Average 
tons/acre 


87,763 
33),397 
18,055 
21,490 
38,285 
79,579 
47 630 
38,983 
78,974 
31,859 
25,905 
44501 
$1.830 
25,678 
44,949 
19 469 
30,611 
47,311 
78,581 
80,475 
99,125 
17,643 
43,118 
53,102 
25,470 
16,782 
17,924 
40,142 
33,756 
19,566 
46,775 
39,674 
29.880 
43,673 
21;507 
16,289 
38,940 
34,668 
44.774 
25,290 
44915 
15,350 
28,791 
30,413 


B2e1o 1 
38,112 
27,048 
35,400 
88,500 
42,370 
23,685 
62,000 
14,160 
17,700 
34,720 
15,865 
17,570 
12,390 
17,700 


Ash! 


4.0 
4.0 
a2 
5.5 
4.2 


5.8 
5.8 
4.6 
us 
34 
5.2 
4.9 
SS 
5.3 
4.1 
5.6 
§.1 


4.7 
4.8 
4.9 
9,9 
TS 
7.8 
5.8 
7.8 
ED 
6.2 
4.8 
10.6 
3.8 
O71 
4.8 
6.7 
335 
9.8 
8.1 


6.6 
8.1 
Te 
ts 


Wee 
fel 
5.6 
6.5 
4.1 


719 
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Sulfur! 


AO 
S50 
74 

29 
52 


9 
4 
30 
AO 
41 


2 
«2 


29 
a3 
36 
41 
AS 
LoD, 
36 
als 
49 

12 
34 
16 
21 
soit 
sa 
Ou 
43 
63 
3 
Slut 
33 
63 
94 
88 


23 


0 
%6 
50 
aE 


eis 
4A 
38 
50 
40 


90 


Btu! 


9,652 
9,282 
8,164 
hea 
8,328 


8 509 
8,789 
9.088 
8,444 
9.055 
7,925 
8,496 
8.078 
8,296 
7,990 
Ga 
8.846 


8,468 
8,421 
7,883 
8,836 
7,438 
1373 
7,770 
eS 515 
7,437 
7,120 
1430 
6,771 
7,739 
8,175 
7,646 
1,254 
6.867 
6,964 
6.891 


7,340 
8,102 
8,027 
8 422 


7,293 
6,710 
6,645 
8,600 
8,400 


6,020 
6,332 
6,050 


6,140 
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MONTANA BUREAU OF MINES AND GFOLOGY 


Table 1. - Strippable subbituminous and lignite coal fields, eastern Montana 


No. 

on Est. reserves in Average 

map Name of field Coal bed millions of tons Acreage tons/acre Ash! Sulfur! Btu! 
45 Smith-Dry Creek G 150.00 8,475 17,700 

46 O’Brian-A lkalie Creek 150.00 8,475 17,700 

47 Breezy Flat Pust 200.00 7,062 30,090 6.7 50 6,660 
48 Burns Creek Pust 200.00 7,062 30,090 

49 N.V Thirteen Mile Creek Pust 225.00 5,085 44,250 6,880 
50 Vox Lake Pust 46.00 2,166 21,240 6,880 
SI Lane Lane 561.00 44,582 12,390 7, bal 
52 Carroll Carroll 345.00 29,780 11,584 5:3 30 7,400 
53 Redwater River S 642.00 24,181 26,550 6.1 40 7,400 
54 Weldon-Timber Creek § 724.00 25,565 28,320 7,660 
$5 Vort Kipp Pt. Kipp-lt. Peck 331.00 14,500 22,830 4.6 20 6,110 
56 Lanark Lanark 100.00 3,531 12,390 6.3 A0 6,853 
57 Medicine Lake 58.00 3,740 15,5 10 Te 1.00 6.870 
58 Reserve 246.00 18,231 13,495 7.6 40 6,599 
59 Coal Ridge Coal Ridge 150.00 19,200 17,700 TS 40 5,830 
60 Carpenter Creek Carpenter 50.00 a2 11 14,015 6.5 40 9,270 
61 Charter Mammoth 60.00 3,210 17,700 6.0 90 10,190 
62 Little Sheep Mtn. A&C ___ 200.00 Oey. 19,470 


TOTAL 42,561.93 1,152,640 
TAs received” basis (where more than one sample available, figures given are average figures). 


By Robert E. Matson 
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twenty-five years ago (10) accounted for 2.36 billion tons of 
bituminous coal, 132 billion tons of sub-bituminous and 87.5 billion 
tons of lignite. Due to more conservative guide lines, this total 
of 222 billion tons is down 159 billion tons from a 1928 Cee nats 
of 381 billion tons. If the 1974 industry standards of deleting 
lignite and coal under 42 inches is used, the 1949 figures are reduced 
to 1 billion tons of bituminous coal and 41.85 billion tons of sub- 
bituminous coal that exist as measured or indicated resources in 
Montana. A United States Geological Survey bullétin of 1967 (5) 
uses the same figures as presented in 1949. Another publication (1) 
again repeats the 1949 data and classifies it to January, 1972. The 
quoted resource tonnages include those now classified as strippable. 

With this historical overview, it is obvious that Montana coal 
resource estimates are in a state of flux. Resource estimates always 
change but usually not as much as Montana is suffering as interest in 
Western coal grows. Underground reserve calculations are compounded 
in difficulty because previous work averaged coal thickness to arrive 
at a tonnage figure. A coal seam changing from one foot to seven feet 
thick was given an average thickness of four feet. While such 
maneuvering simplifies geologic calculations, it gives no indication 
of mining suitability. Other factors depreciating minability such as 
thin partings of shale were not considered in thickness quotes. 
Modern high production mining methods handle such complications poorly. 
In the early days of hand mining, much of this waste parting was 
sorted underground. 

Figure 6 shows the distribution of coal in Montana. A discussion 


of the separate areas will indicate the possibilities for underground 
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MONTANA’S COAL RESOURCES —— BATEMAN 
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mining. Since Montana markets are far removed from the resource, 
underground minable coal will be considered that of at least 5.5 feet 
thick. The existence and undesirability of thin partings and high 
sulfur or ash must be considered. The coal areas will be discussed in 
order of decreasing interest of underground mining. 

The Bull Mountain coal field occupies the central part of the 
Bull Mountain basin in the southern part of Musselshell County and 
the Northeastern part of Yellowstone County. The Roundup coal bed 
has been mined in the past south of Roundup. The bed is over six 
feet thick in the western part and decreases to four feet to the 
east. The Btu value is over 10,000, of moderate ash and low sulfur. 
This bed and the Carpenter coal bed in the northeast exist as the 
most probable underground mining region in Montana. Recent coal industry 
investigations indicate about a half billion tons of reserves by 
today's standards. 

The Red Lodge region is in Carbon and Stillwater Counties and 
includes the Montana portion of the Bighorn Basin. The coal beds in 
this area dip westward steeper than other minable areas of Montana. 
Historically the Red Lodge area was a strong producer and could con- 
ceivably be of interest again. Three fields, the Bridger, Silvertip, 
and Red Lodge contain coal thick enough to mine. The heat values are 
similar to Roundup with ash and sulfur slightly higher. One of the last 
producing underground mines was located here. Due to the pitching nature 
of the seams, many are minable in only select locations. Thickness of 
minable coal exists from six to ten feet. No recent estimates of 


resource are available. 
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Coal is present over the entire Great Falls area but workable 
thickness occurs in three separate basins. The Sand Coulee field to 
the west is the largest. Unfortunately the coal is in two or three 
benches, separated by thin partings, and ranges in thickness from 
85 feet to 445 feet. The Otter Creek field is separated into two 
benches by a bony parting and is three to six feet thick. The Saga 
Creek field has multiple shale partings and while ranging from six to 
eighteen feet thick, the net coal is only 2% to seven feet. 

In the Lewistown area, the McDonald Creek field is the largest 
and best developed. The coal is 24 to 8 feet thick but separated by 
two or three partings. Some folds, faults and small lacoliths exist 
due to the Judith and Moccasin mountains. 

The Bearpaw Mountain region extends over 10,000 square miles 
around the Bearpaw Mountains, eastward to the Little Rocky Mountains 
and northwest to the Sweetgrass Hills. Coal is present throughout 
most of this area but tends to be thin and lenticular. In the Milk 
River field, one bed is as thick as 7% feet but it is quite impure. 

In southwestern Montana several older areas of production exist. 
The Electric field covers a small area in the south of Park County. 
Where exposed to mountainous deformation, this coal is of coking 
quality, but the steep pitches, faults and partings are not acceptable 
to high production mining. The Lombard field in northern Gallatin 
County has a small, high Btu, high ash deposit which is thick in some 
locations. The general deposition of lenticular pockets is not favorable 
to mining. Some of the first large volume coal mines were in the 
Livingston-Traul Creek. The coal has good traits with 11,000 Btu, 


and low ash and sulfur but again the dip runs as high as 65°. This 
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coal may exist in enough quantity to interest companies however. 

Further west lignite has formed in old lake beds. Most of the 
beds are thin and lenticular but in the Drummond and Missoula fields 
lignite and shale are bedded sequentially up to twenty-five feet 
thick. The area extent belies development economically. 

The preceding discussion is abbreviated from a report by 
Bateman (11) and indicates that most of the coal in Montana, outside 
of the sub-bituminous region of the southeast, is either of inferior 
quantity or quality to be regarded presently as underground reserves. 
The Bull Mountain area is the most likely area where reserves could be 
generated in the immediate future. 

Underground mining of the lignite area of eastern Montana (see 
Figure 5) is highly improbable. Economically and physically lignite 
resources are not considered as underground reserves. Rarely through- 
out the world is lignite classified as such and the more energy 
rich countries do not consider lignite a coal. It is apparent however 
that lignite can compete favorably where transportation is cheap or 
short.and strip mining is utilized. 

In the sub-bituminous regions of eter at, Montana, Garfield County 
coals represent the most northerly extension. Here one bed is one to 
six feet thick and has been mined. Another ranges from nine to twenty 
feet but as the upper portion contains many partings, only the bottom 
two or three feet is satisfactory. Many other beds exist but they 
tend to be thin, impure and of variable thickness. 

The primary area of challenge bl that which contains coal of 
thickness and quality to tempt underground mining lies south of the 


Yellowstone River and east of the Little Bighorn River. This same area 
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contains the prime strippable reserves of the state. The following 
section of this report will describe the economic and physical reasons 
why most strippable coal is not considered an underground reserve. 
There does exist within this region tremendous amounts of coal that are 
not considered strippable. 

Matson and Blumer (9) have authored a report describing the 
strippable reserves of the area with an aggregate of 32 billion tons 
from 32 deposits. Anyone familiar with the area is aware of the robust 
topography. Relatively flat drainage bottoms give way to rolling 
hills which disappear quickly into steep sided buttes. The relief of 
the area is controlled by the north flowing drainage system. Figure 7 
shows typical cross sections of coal bearing strata of the region. 

The steep sided buttes rents the coal resource that can be 
considered minable by underground methods. Strippable reserves are 
calculated to a depth of overburden comensurate with the associated 
coal. Ina typical eastern Montana situation, this normally extends 
reserves near the butte sides, hence the seam of coal continuing 
beneath the deeper overburden is only minable by underground methods. 
The situation is similar to contour mining in the east except the 
coal is below the base of the mountain since it has been extended by 
strippable limits. 

The coal resources beneath the drainage divides of eastern Montana 
has not been determined to great accuracy. The resource measure is 
mostly inferred and at best indicated. Some small areas could be 
calculated as measured, but interest in strippable reserves has not 
released the money or manpower for this work. Using the 1949 figures 


of Combo (10) and summing up for the counties covered by Matson and 
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Blumer (9), there is an estimated resource tonnage of slightly over 
126 billion tons. If the proven reserves of strippable coal is 
deleted from this total, there remains 94 billion tons of resource 
that might be minable by underground means. Reducing this figure by 
three leaves some 30 billion tons that could be recovered. Although 
a one-third recovery seems low, consideration of isolated patches, 
unleasable areas, physical problems such as close seams, edge effects, 
mining recovery and uncounted unknowns, the figure stated is probably 


a reasonable estimate. 


Minable Surface Reserves 

The recent bulletin from the Montana Bureau of Mines and Geology (9) 
covers Montana's strippable reserves of sub-bituminous coal in detail. 
Well documented, the report sums a reserve total of 32 billion tons. 
Not included are the tonnages available from the adjoining reserva- 
tion land. Reserves on Indian land have been variously quoted, ranging 
from 10 to 30 billion tons more. Recovery percentage of these 
strippable reserves is covered in a later section. 

Tables 3 BSA 4 taken from Averitt (12) show the sub-bituminous and 
lignite resources of Eastern Montana. Note that a great portion 
(47.7%) of the deposits are unclassified as to thickness. Associated 
overburden depths are also essential to evaluate for surface reserves. 
These tables indicate the status of much of Montana's coal resources. 
To precisely measure our wealth of coal energy, more money and effort 


must be expended. 
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Table 3 —Estimated original lignite resources in eastern Montana as determined by exploration and mapping! 
[In millions of short tons | 














_Measured and indicated resources _ _Inferred resources 
In beds In beds 
In beds In beds more In beds In beds more Un- 
County 2'2to5 $to10 than Total 22 to 5 to 10 than Total classified County 
feet feet 10 feet feet feet 10 feet as to total 
thick thick thick ___ thick thick thick _thickness 

Carteng.- el es OGL99 DOO ete ee 423. 30.~*# 40. 08 PGs IAC al, cee 8 AOC Mt ee 2463.47 
(Gusterens es leg 1,219.46 162.43 117.60 1,499.49 RL ee re aca ee eh ee Fe 31722 668.14 22,198.85 
Waniere ce cet pees Ae Te. RO eee eee. AO ane Ao eee ey. ots toch ew fe 3,964.72 3,964.72 
JAW SEON Beat eOULL co Boa RO te eee 1,185.13 1,088, 98 1 PSUC OCs Sea 2,477.36 7,448.00 211,110.49 
PaO eee 416.54 DA Rai nee oa met 663.99 487.56 18:09 he eee es "505.65 1,374.44 22,544.08 
Mc@Cone ic, Bh A REE  PORe Le oe S700 SBRSEY Lee. Syren: 371.00 24,500.57 24. 871.57 
Powder River.... 271.18 177.33 1,335.99 1,784.50 8.87 205.32 435.00 GAO TIO Mer oe ee : 2,433.69 
Praiie@yy ak tes 235.46 565.69 160.89 962.04 153.04 147-1 yee 300.95 BiG. 20) 21501 27 
Richlands. e 366.78 1,281.58 830.90 2,479.26 4 ASG TORO rN O00 ceccaccevecse sents 12,650.49 5,955.87 221,085.62 
Roosevelt... 657.71 1,591.33 .46 2,249.50 B30 24 ae 12035240 Baer ek 1,874.73 40.00 24,164.23 
EROS Lit Clee nen RN ROT cas Rem SA RAL aia tee i ee Re os ces 10.10 210.10 
Shenid@itic2.ss 467.60 210.97 100.01 778.58 225.25 W044 BAR £21... 226.79 4,758.45 25,763.82 
NE] Oe ene on EROnE BRSORR Se ORT c Nes et nk an Weert. Cee aN Bi ee es eh Se 257.93 257. 93 

WibaUX, cnc woe STs 17 1,436.04 20, 18° 2,029. 39 DADO ema, VOD STO ers. cae ee o. 4,601.47 409.87 27,040,7 
Total 1 4as 4,876.17 3 613. 07 2,566.03 14, 055. 27) =10,177.75 13,116.18 435,00 23,728.92 49, 9,706. 37 2 87, 490. 57 
rere itr te ae Pn et ar ie eo aN a ga cen ure ie che hecsdn he iihaaas 15,053.92 
Rarer Rumer OITA RNS T oc 2) Sg a ase, eae a ye en, Sate a png es bce sess dash eice dec cet ees hag utes whe dawacrs edocs eb ocd beten 19,729.25 
Otalkcoal in) bedssmorestianelOrteet thick: eter ...b eee .. ge ee re SR A ee eo ccs. Boe fbr Tene. 3,001.03 
PEATE TNRVECE STE VSD ASST SECC CIVIC ITI SE ss, 55sec sec) spon bea. waved veee Se ca nu nuda evpdnomcavndbccaangldetnichancadatereieentaacacaedveriieaccdcs .... 49,706.37 
Grand: toa ee ees See kee Oe ene. PEE a ea eS he ee Ee es ee ches 87,490.57 

‘After Combo and others, 1949, p. 20. 2Partial estimate. 


Table 4.—Estimated original subbituminous coal resources in eastern Montana as determined 
by exploration and mapping! 
[In millions of short tons] 























Measured and indicated “resources Inferred resources : 
In beds In beds 
Inbeds In beds more Inbeds In beds more Un- 
County 2%2to5 5told than Total 2% to § 5 to 10 than Total classified County 
feet feet 10 feet feet feet 10 feet as to total 

ao __thick thick thick stick’ stick ~——sthick thickness 
Pie VOM Mees ss 420.46 1,273.54 2,478.46 4,172.46 d2e02 (27175. 2,685.54 4,725.3) 34,602.88 43, 500.65 
Cuister ie. 163.58 1,570.48 TOS BO RMS 2) oe Oi teeta rae Ocenne NE OE Gyn he ae. POP RIOR 2 eas aes, 165.00 2,678.86 
Crartiel dc hiss: 425.66 110.28 26.87 562.81 39.31 LOG Zatste ets. BO Biter tk eet 612.74 
Powder River.... 2,842.72 8,034.63 18,525.97 29,403.32 700.269 3:3,295.870 7 TOZG 03 C4 ES8i160 208.2 40,984.48 
Rosebuds..c..... 1,504.74 4,496.11 4,559.09 10,559.94 1 ae 92 4.213. 65 5,764.35 11,104.92 17,208.92 38,873.78 
ETOASUIC.. stony aaah Pree Met Eee Acre Gea) Rie mA ste ay Ct SB abt 8 Beh ao eee OS aay AOR ELE. FRIAS sy at 303.6 66 ie 303. 66 
MROtaloe os coe 5, 9,357. 16° ‘15. 485, 04 26, 370.19 47,212.39 2, 6 51 9,237.89 15,974.92 27,461.32 53, 280.4 46 127, 954.17 
Total coal in beds 2% ‘to 5 feet thick Sapna ceey Mane Ret Sh, te A ene anh Reh dea te 605. 67 
Total coal in beds 5 to 10 feet thick... ee eer Re ec A eat ee ots area eM tee eM ei. Ok tee Od 
EE GPS OSES ay a ORS EPSET URTV SOE 0S So ny UR CR 42,345.11 
DUCE ATED) ATID TOTALS LL TEC) VE TANG I CNC as ec ay weg peti os cnc gens mesg soc meee ranesk pasted emage pasta nace>=napdasedereesoreneeea 53,280.46 
SANA ere ete Se ey Seek ey EAA carver aie oatna ks Beeels cays Rec civacpraypiegeonsseetaysantevsrinnoceede Rene 127,954.17 


1After Combo and others, 1949, p. 19. 
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Alternate Extraction Methods 


Underground Coal Mining Systems 

Before selecting and discussing alternate methods of coal mining 
in Montana, examination of the practicalities of Undererodna coal mining 
in the rest of the United States would be in order. Should underground 
coal mining become an economic reality in the Fort Union region, some 
adaptation of present practice will undoubtedly be involved. 

General considerations include a system which provides: (13) 

1. The highest possible degree of safety for mine personnel. 

2. The lowest cost per ton of product. 

3. The maximum coal production per man-shift. 


4. The maximum percent recovery of coal per acre of reserve 
consistent with cost and subsidence rights. 


5. Consideration for the ecology of the area. 
Important factors for choosing a specific system are: 
1. Amount of cover over the coal seam. 

2. Type of rock in the overburden. 

3. Coal seam characteristics. 

4. Quantity of water likely to be encountered. 

5. Nature and strength of the floor and roof below and above the coal. 


6. Previous or concurrent mining in seams above or below the seam 
being worked. 


Mining systems are generally classified by the equipment used in 
the mining process. It is possible, however, particularly in older 
mines, to have more than one or possibly all of the systems prevelent 
in the U.S. Often a section of one system is instituted on an 


experimental basis and remains by cost considerations although it does 
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not improve any of the previously listed system criteria. The 
principle systems are conventional, continuous, and longwall. 

In modern, high production mines, the conventional system 
represents the ultimate in mechanization of the old hand mining 
methods. Rubber tired, electrically powered machines produce more 
with little manpower input. By its nature of simulating an old 
method, multiple working places and many men are required to produce 
on a level competitive with newer systems. 

The coal is extracted in a sequence of operations with a specific 
machine for each step. The sequence of events and the typical machinery 
and manpower required are; 1) An undercutting machine similar to a large 
mobile chain saw cuts a kerf or slot to break the coal into. 2) A 
mobile, self feeding auger then drills five to Bren nest holes in 
the face. 3) The holes are loaded with powder or compressed air 
shells and shot. 4) The shot coal is loaded by a rotating arm coal 
gatherer and loaded into an alternating pair of shuttle cars. The 
shuttle cars haul to a local belt for haulage to a main belt system. 
5) The clean face area is then roof bolted, rock dusted and the 
ventilation system is advanced to the face. This system then repeats 
in a sequential manner. 

By virtue of the number of equipment pieces and separate opera- 
tions, six to seven working places are required. This requirement 
increases the cost of development headings by shear excess openings 
but works well in production mining. The management complexity of 
this system requires an experienced crew and well trained foremen. A 
conventional crew contains 13 to 15 men and produces 350 tons per 
shift. This number is quite variable but represents an average in 


thick seams. 
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The next system is the continuous section. Here, the conventional 
steps of undercut, drill, and blast are unitized by one machine, the 
continuous miner. Continuous mining machines are of one of three 
types. The highest production machine is the boring type. Two 
rotating heads revolve flat against the face and tear the coal loose. 

It is then picked up by an integral chain conveyor and dumped behind 
the machine. As originally designed, the coal was loaded directly into 
shuttle cars and then transported to a belt or rail cars. Present 
practice employs a second loading machine as used in a conventional 
section to reload the continuously mined coal into the shuttles. This 
allows the miner to cut coal independent of the haulage or removal 
system, thus increasing production. Although of high capacity, boring 
machines are limited to fixed dimensions by their design. This is not 
advantageous in seams of variable thickness or irregular top. 

A second continuous machine is the ripper. It consists of series 
of parallel cutter chains that saw against the face. A ripper is most 
simply compared to a set of a half dozen chain saws running in parallel. 
This machine is very selective and flexible. It is often employed in 
pillar recovery. Unfortunately, it produces a high amount of coal fines 
and dust. 

The third machine is the milling or drum miner. The cutting action 
is created with bit wheels on a rotating drum. It is the last of the 
continuous miners developed and seems to have combined the flexibility 
of the ripper with the thrust and production of the borer. 

Regardless of the machine Hee ee ences mining sections all 
function alike. The coal is cut and dumped by the machine, reloaded by 


a loader into shuttle cars and transferred to belt conveyors. 
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A typical section will employ a machine operator, a loader operator, 
two shuttle car drivers, a roof bolter, a utility man and a foreman. 
These seven face men produce about 50 tons per man per shift in a 
thick seam (6'+). 

The third system is the longwall mining system. This system is 
a total departure from historic U.S. coal mining methods. Our present 
longwall is nominally imported from Europe although the method was 
practiced in the midwest for thin seams in the early 1900's. 

The method evolves about a long face (longwall) which is mined by 
a machine which is moved back and forth, cutting or plowing off coal 
into a transporting pan or drag chain conveyor. Figure 8 shows a 


longwall mining section plan view. 
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Figure 8-- Lonqwall Face plan 
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The coal cutting machines can be of two types, a plow or a shearer. 
The plow does as defined and plows or cuts the coal by virtue of 
being dragged across the face by a chain. The shearer has a drum or 
double drum which rotates into the face. The shearer cuts a deeper 
slab of coal than the plow. Both machines are capable of high produc- 
tion but the essential element in longwall mining is a properly 
stressed face. The cantilever position of the roof transfers the 
unsupported width of overburden load to the long face. This highly 
stressed face is then very susceptible to failure when penetrated by 
the longwall cutter. To control the face stress, and to protect and 
move the equipment, a system of hydraulic props is used. These props 
or chocks pick up and automatically advance to the face as the cutter 
passes. They also carry or push the conveyor and cutter into position 
for the next pass. 

Longwall mining systems offer high recovery, good mining under 
poor roof, and uniform subsidence in shallow overburden. Production 
per shift is high, ventilation is simplified, and no rock dusting is 
at the face. Against this, capital equipment cost is high, setup, 
teardown, and moving costs are high and non-productive. Uniform coal 
thickness and regular top and bottom are needed and regardless of the 
number of longwall units, conventional or continuous units are needed 
for development 

A longwall section consists of eight men at the face; a shearer 
operator and helper, three chock operators, a gate operator, mechanic 
and a foreman. This crew is backed up by haulage and roof support 
crews bringing a longwall operation to 13 men per shift. Seven 
hundred tons per shift yields slightly over 40 tons per man shift in 


the section or up to 65 tons per man shift for face workers. 
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Longwall has found favor due to lower per ton costs (higher 
face productivity), greater extraction tonnage for each ton of 
development work, greater safety due to the roof support system and 
simpler system control compared with room and pillar or block 
mining. (14) The previous production is based on an experienced 
crew and development work preceding longwalling. Annual production 
is not a direct product of shift tonnage multiplied by number of 


shifts as 10% of the time is spent in set up and tear down. 
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—An experimental plan for shortwall mining now being prepared in eastern Kentucky. 
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Another system has recently been proposed and is yet in the 
experimental stage in the U.S. This is termed the shortwall mining 
system. The apparent advantage is the use of a continuous miner as 
the coal production machine in a longwall configuration. The same 
Support system of hydraulic jacks is used as with a longwall plan. 
Shortwall jacks have an extensible cantilever arm since the mining 
machine cuts a wider (10 feet) pass than a longwall plow or shearer. 
Figure 9 shows a shortwall mining section. 

Use of the continuous miner as the production unit omits the 
plow or shearer machine thus saving capital. Since the continuous 
miner must be used for development work regardless, the shortwall 
system seems to combine the good points of longwall with the flexibility 
of a continuous machine. A rotating drum continuous miner is the 
shortwall choice. Coal is transported either by shuttle cars or better 
yet an extensible, portable, haulage system. The extensible belt 
system has a head tram car receiving coal from the miner. The tram 
car also serves as a surge feeder to the drive unit which ties the 
shortwall belt to the panel haulage belt. 

Manpower is suggested as follows: (15) continuous miner operator 
and helper, tram car driver and drive unit operator, mechanic, two 
chock setters and a foreman. These eight men are expected to produce 
similarly to a longwall section but the operation is not yet old enough 


to predict soundly. 


Underground Mining Plans 


Development for most every system is similar. A block or panel 
of coal is deliniated by entries driven off of a main or sub main 


entry. Ideally all development work would isolate a minable block 
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some 5000 feet long and 600 feet wide. Longwall sections are narrower 
to reduce the capital expenditures for the support system, see Figure 10. 
With conventional or continuous systems this deliniation can proceed 
simultaneously with interior panel development. This multi-development 
is a function of the quantity of gas expected. An extremely gassy 
mine first isolates blocks and allows time for the gas to bleed out. 

Conventional and continuous sections develop the interior of the 
panel in one of two methods, a block or room and pillar plan. The block 
pattern shown in Figure 11 and the room and pillar plan is shown in 
Figure 12. Both patterns are then mined out on a retreat basis after 
development reaches the far end of the panel. At this point, total 
recovery is determined. Poor roof limits the percentage of the blocks 
or room pillars that may be extracted. The roof must be strong enough 
to stand while the inby areas are loaded out but weak enough to fail 
soon afterward in order that great overburden loads aren't transferred 
to the remaining ribs and blocks. This is the ideal situation which 
occurs rarely and at that, never in a continuous. manner to allow total 
recovery in the panel. 

More coal is lost in the area between panels where ventilation 
and gas problems compound if adjoining panels are holed through. Often, 
the barrier pillar of coal between the panel and the main entries cannot 
be recovered to any extent. Thus, the recovery of coal by a conventional 
or continuous system usually approaches 50 percent. 

Longwall or shortwall systems utilize a narrower panel than 
conventional or continuous Bc ree: but operating as a total retreating 
operation they recover a higher percentage of the coal within a panel. 


Once development headings reach the panel end and are joined, longwall 
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—Plan for longwall development. Entries are driven by continuous 
miners. 


Figure 10 
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Room and Pillar Panel 


Figure 12. 
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Block Pattern Panel 


Figure ll. 
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34 
passes proceed to the main entries until the barrier pillar dimension 
is reached. Total recovery of this block is expected and the development 
pillars are extracted if possible but this is not the usual case. 
Longwall and shortwall recoveries are thus higher than conventional 


systems and averages about 70 percent. 


Montana Application of Underground Coal Mining Methods 


Reserves Considered as Underground 

Undoubtedly a direct transfer of present technology is possible 
in mining Montana's underground reserves. The historical mining of 
underground coal at Roundup and Red Lodge indicate that the feasibility 
of newer practices can be implemented without undo adaptation. Seams up 
ten feet thick can be mined in Montana with much the same recovery 
and costs as found elsewhere in the U.S. Roof and gas conditions as 
found in Montana are very positive for mining compared with other, 


less congenial conditions where coal is presently mined. 


Reserves Considered as Surface Minable 

Conservationists and ecologists have shown a great interest in 
the feasibility of using Montana's strippable reserves for underground 
mining. Froit a mining industry viewpoint this seems ludicrous but 
certainly an unbiased look at the parameters involved is in order. 
Only a strong case could justify continuation of a mining method that 
is unpopular with a large segment of the population. 

Before evaluating alternate methods of extracting Montana surface 
minable coal reserves, the reserves to be manipulated must be defined 


and described. Strippable Montana coal reserves are mapped to 250 feet 
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of overburden by the Montana Bureau of Mines and Geology. Although 
150 feet is considered the maximum stripping depth by the coal industry, 
the existence of thick seams at depth complicates the technology 
transfer from this seam, eastern mining operations. At present, 
stripping equipment limitations control the minability of a vast 
portion of our "strippable" reserves. Engineering design has already 
indicated the possibility of mining to greater depths. The Sarpy 
Creek Mine of Westmoreland is planning stripping in excess of 200 feet 
in a multiple seam operation. This is only in the paper stage however 
and the reality of slope stability and equipment production may be more 
limiting than hoped for. 

Another confusing issue is the existence of multiple seams in 
reserve calculations. Multiple seams are successfully surface mined 
throughout the U.S. Variations of coal quantity can cause problems 
when each seam must be separately mined and marketed on its own merits. 
Similar quality seams lend to simpler mining practice as blending of 
the product is possible. Underground mining of multiple seams is much 
more complex and resource recovery would undoubtedly suffer. This will 


be discussed in the next section. 


Underground Mining of Strip Reserves 

Selection of underground coal mining method for Montana's thick 
strip reserves is difficult from many aspects, both in engineering and 
economics. Critical problem areas are maximizing resource recovery, 
minimizing surface subsidence, and adopting an old or creating a new 
mining method for the unprecedented thick coal seams. The principle 
immediate problem is the economic competitiveness of Montana coal 


mined underground. 
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Strippable reserves of Montana are calculated on an economic 
basis, the method used throughout the industry. Limits of reserves 
are as follows: less than 10 feet of coal to 100 feet maximum over- 
burden; 10 to 25 feet of coal to 150 feet of overburden; 25 to 40 feet 
to 200 feet of overburden and greater than 40 feet to 250 feet of 
overburden. Simple calculations will indicate the probability of 
surface subsidence on a purely academic basis. 

Montana overburden swells about 28% in surface mining. More 
simply, a one foot cube of in-place overburden will swell to a block 
one foot square and 1.28 feet high. If a ten foot seam is removed, 
caving of one foot of overburden will fill the void at a rate of 
-28 feet of caved material. Thus 10 + 0.28 yields 35.7 feet of over- 
burden caved to fill the 10 foot high void. The relationship is a 
straight line and can be extended to any limit This preceding example 
is only numerical and actual practice indicates caving extends to a 
higher degree than calculated. The reason for this is that surface 
spoils are quite loose and finer than underground caving. Both of 
these factors reduce the swell factor for underground material 
considerably. Another response is more time dependent. As the material 
caves, it absorbs ground water and compacts to a high degree over the 
years. 

Figure 13 shows an aerial view of the Deitz Mine north of Sheridan, 
Wyoming. Overburden here averaged about 75 feet and the mined entry 
was 6 feet. The potholes from caving deliniate the mine in a very orderly 
manner and indicate a block pattern of mining with surface collapse at 
the entry intersections. The grid pattern also indicates that the 
pillars were not recovered and the resource recovery was probably 


less than 50 percent. A similar condition can be seen near Miles City 
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at the Storm King Mine. Room and pillar mining in fllinois creates 
long, narrow subsidence similar to a highway borrow pit. 

Long term subsidence has an effective swell of about 10%. Thus, 
10 feet of coal would cave 100 feet of overburden, 20 feet caves 200, 
etc. In most western regions this does not disrupt surface facilities. 
In populated areas of ene east and in England, subsidence is a fact 
and a planned event. High recovery systems such as longwall allow an 
overall drop in topography rather than the pothole effects of block or 
room and pillar mining. Most of the reserves classified as strippable 
in Montana may also be listed as potential subsidence problems if mined 
underground. 

Caving in underground coal mining is a fact. It is a necessary 
part of the mining system and all coal mines that recover over 30 
percent of the coal expect the roof to cave. This caving phenomenon 
reduces the overburden load that was supported by the pillars during 
mining. If a continuous and controlled caving is not in effect, 
tremendous pressures develop and disastrous failures known as “bumps” 
occur. These bumps are failures of a quick and generally catastrophic 
nature. Regional stresses can unavoidably cause these bumps. Utah and 
Nova Scotia mines are noted for this effect as are the metal mines 


of Idaho. 


Adaptation of Mining Methods to Thick Seams 

Mining thick seams underground is generally unheard of when the 
coal exceeds ten feet in thickness. Coal has such a low value per ton 
that the ingenious and expensive support techniques developed for metal 


mines which are of lower tonnage and higher value.cannot be employed. 
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Coal strata’is not strong enough to mine in the manner of some large 
limestone and salt mines which have vast rooms supported by large 
pillars. Even the cheapest method of mining large vertical distances, 
that of a cemented sand fill, becomes an economic disaster considering 
the volume of sand that must be found, transported and moved under- 
ground to replace a 10,000 ton per day coal operation. 

To fit the only applicable method, that of a caving roof, to 
thick seam mining a series of horizontal slices appears to be the only 
rational solution. Conventional and continuous mining employ a 
rigorous pillar system. To be effective, even in thin multiple beds, 
the pillars must align between slices and in the end, support in a. 
column-like manner. A very thick seam would require close control 
and undoubtedly a high percentage of coal would be lost to unrecoverable 
pillars. What is most applicable, therefore, is a system with a 
minimum of pillar development. 

The simplest system to adopt to thick seam underground coal mining 
is the longwall system. Equipment exists and the technology of 
application is well established. In fact, such an effort is being 
extended in Russia, France and England. (16) All of the applications are 
similar and consist of multiple passes of a longwall shearer and or 
caving combined. 

The Russians mine a 16 foot seam by using chocks that extend the 
full seam height. The shearer's first pass is in the top third after 
which an extension on the chock advances for roof support. The bottom 
third iS removed and finally the center is dropped after the conveyor 


is advanced to the face. 
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The British are mining a seam in excess of 24 feet in a multiple 
but unconnected slice. The first longwall unit takes the top six 
feet. A second unit, longer in face length to stagger haulage entries, 
follows 300 to 500 feet behind in the same panel and removes a second 
slice. Two feet of coal is left between the sections. A third unit 
again longer and further behind removes another slice with two feet of 
coal vertically separating the second and third units. Thus 20 feet of 
the 24 is recovered, this in itself only 83% recovery. 

The French have developed a plan using a longwall “integral 
sublevel cave'' (17). A single longwall is developed at the bottom 
of the seam. A wire net is put under the coal roof cut by the machine. 
This net remains as the face advances and falls over the back of the 
chock nets. A second conveyor, on the cave or gob side picks up the 
caved coal through holes cut in the net. The holes form drawpoints 
which can be located close enough to reduce dilution from the overburden 
which of course caves with the upper coal. Figure 14 shows the 
technique involved. 

Since the Russian and British methods employ multiple slices with 
longwall units, the expected cost would be similar to mining a thinner 
seam. One obvious plus to the Russian method is the reduced face 
advance required for tonnage. Less time is spent in moving and, there- 
fore, more time is available for production and this is always more 
profitable. 

The French system is the most appealing development and undoubtedly 
could yet be more perfect. The aiveloonent of full coverage chocks 


with draw holes available for the caved material should be pursued. 
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Integral sublevel caving. In this method, only a 
single longwall is developed at the foot of the seam. 
A shearer and induced caving are employed in mining 
the coal 


FIGURE 14.--Sublevel Caving with Longwall 7) 
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This should not be too difficult as chocks with gob shields are now 
available. The wire mesh seems to cause problems and too much hand 
labor. If developed properly, however, the system would appear to 
be more economic than any system yet conceived. Costs would be 
similar to a typical longwall system with capital expenditures on the 
chocks about double normal. Production would be four to five times 
normal for the amount of face advance. The cost per ton could be 
as low as one half a typical longwall section but this is difficult 
to project as caving and draw methods are a tenuous matter. Dilution 
and break through of worthless overburden can cause loss of recovery 
and production. Block caving as practiced in metal mines has a low 
unit production cost but much ore is lost through improper design and 
draw techniques. An engineering estimate of coal loss in a thirty 
foot seam with a eight foot longwall and integral sublevel caving 
would be at least 20 percent within the mined area. This is in 


addition to pillar and other losses. 


Mining Costs for Montana 

Various sources of mining costs are available. The U.S. Bureau 
of Mines has recently produced two Information Circulars [(18), (20)) 
which cover underground mining costs and strip mining costs respectively. 
Both circulars contain analysis for five million ton per year operations 
and these are reproduced in the Appendix of this report. The production 
cost underground is based on a six foot seam mined by continuous mining 
machines as explained earlier in this report. Estimated cost per ton 

is $6.45 and the selling price is $7.53 per ton. The strip mine 
operation supposes 25 feet of coal with a maximum of 120 feet of 


cover and arrives at a selling price per ton of $1.64 with a mining 
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cost of $1.39 per ton. 

Both of these figures are low. The costs quoted by industry 
for similar underground mining run close to $9.50 per ton. Industry 
estimates for strip mining in Montana indicate a selling price of 
$2.25 per ton. Some of the difference in the stripping cost is due 
to the taxes which rather than the 26 cents per ton quoted in the 
U.S. Bureau of Mines report are closer to 60 cents (21). Additional 
20 percent for inflation over two years brings the figure close to 
actuality. 

Figures are not available for a longwall operation but the under- 
ground mining analysis of the U.S.B.M. can be modified by deleting 
continuous mining units and replacing them with longwall units. An 
estimated production rate of 400,000 tons per year per unit requires 
13 longwall sections. Four continuous sections are needed for develop- 
ment work. The changes for implementing a longwall mine are shown 
in the appendix. A decrease in labor requirements of 165 men is 
offset by nearly a 15 million dollar increase in capital equipment. 
Without calculation of increased labor costs or depreciation of equip- 
ment, the net gain is about 1/7 cents per ton lower mining costs. 

The preceding longwall discussion is based on a conventional coal 
seam. Should implementation of a sub-level caving longwall for thick 
seams be considered, what would be the costs? Although it is difficult 
to say, the only increase should be in the form of more expensive gob 
shield chocks and another conveyor for the caved material. This 
expense should be offset by higher production per unit. Rather than 
13 longwall units for 5 million tons per year, eight to ten would 


produce the same amount advancing at a slower rate. Manpower 
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requirements would be similar or slightly increased because the face 
advances slower but production emerges from both sides of the chocks. 
In all probability the aaa per ton would be very similar to that 
experienced in thinner seams. Since set-up and tear-down losses 
occur less frequently, the savings of less downtime might reduce the 
cost more. Since the idea is mostly academic, a safe estimate would 


be one comparable with costs experienced now. 


Resource Recovery and Mining Systems 

Resource recovery and mining systems go hand in hand in Montana 
coal. Although estimates are variable, of the coal contained within 
an established mine area, the following lists the expected percent 


recovery in underground mines by system. 


System Maximum Norm 
Conventional 80% a 
Cont inuous 80% a 
Longwall 80% 65 


U. S. Average is 50% (13) 


The recoveries are usually based on a calculated extraction and 
not measured production. Since coal seams are continuous by nature, 
sampling or thickness determinations are not as closely controlled as 
in vein or metal mines. Local variations exist but are not accounted 
for. 

Recoveries differ within cach system due to localized roof weak- 
nesses, variation in seam thickness, pillars left under roads, railways, 
reservoirs and around gas or oil drill holes. If the roof is bad 
overa#l, narrow entries and large pillars are the rule and extremely 


low recovery exists. Normally, this condition is avoided and the coal 
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45 
is left. Mines with good roof have areas of poor stability and these 
areas are usually only developed without attempted pillar recovery. 
Variation of seam thickness is a seemingly small but actually impor- 
tant source of reduced resource recovery. Underground equipment is 
usually arranged to mine a specific height. Often roof coal is left 
when shale is the immediate overlying strata as atmospheric moisture 
causes steady sloughing and associated poor safety conditions. If 
the underclay is thick or particularly obnoxious for equipment move- 
ment, a layer of coal will be left in the floor. Regardless of the 
reason, some coal is left over the entire thickness area of the mine. 

Support pillars are required by law in most states where sub- 
sidence could endanger permanent surface installations. In some 
locations there can amount to a sizable portion of the reserves. 
Recent failures under the residential area of Rock Springs, Wyoming 
display the value of such preparedness. 

Specific percentage recovery of coal resources is very difficult 
to determine. Although figures are available from many sources 
Pl ou) (8), (13), (19)7, the values assigned are derived on different 
basis. Just as production per man shift in quoted for face workers 
and the overall mine production is considerably less, recovery within 
a single panel or block of coal within a mine is usually high--as much 
as 90 percent in some cases. The recovery within the mine property 
boundaries is generally low. Across the U.S. underground mining has 
recovered about 55 percent of the coal developed (5, p. 29). The 
percentage applied to strip mining is 80% (8, p. 13). 

The thicker seams minable in Montana permit higher percentage 
recoveries in strip mining since there is more coal per horizontal 


area. Although the cause of loss is equivalent to eastern operations, 
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46 
Montana coal producers quote 95 to 98 percent recovery. This applies 
to coal within the mined pit. Coal is lost to spoil pile support 
ribs, spillage, mixing with loosened overburden and spoil slides. 
These reasons are acceptable and reasonable considering the 
increased cost of mining in manner to recover 100 percent. 

In Montana, the Montana Strip Mining and Reclamation Act crosses 
the Coal Conservation Act by prohibiting mining within various 
areas of minable reserves. The 100 foot boundary band and the 
ability to deny access because of sundry surface phenomenon both reduce 
the recovered coal within an area. Within a given mining area in 
eastern Montana there will be probably recovery of resources between 
SO ANG a7. 

Looking to the total strippable resource picture we can expect 
about 50% recovery. The reserves so far deliniated are based on 
limitations of overburden as a function of coal thickness. It is a 
simple matter to draw a given overburden thickness contour line and 
it is another matter to follow this line while mining. Strip mining 
methods and equipment are designed to mine in a strip. The name 
certainly is justified by the technique. It is very difficult if not 
impossible from an engineering viewpoint to design an economic operation 
that follows constant overburden meandering around the side of a butte 
or up the draw of a narrow drainage. Design parameters cause a cessation 
of equipment ability when a pre-determined overburden depth is reached. 
To function as intended, mining proceeds in orderly, straight or 
gently curving strips. When deep sverburden is encountered, the 


strips stop irregardless of small, shallower areas beyond. 
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Social or political problems influence recovery. The complex 
ownership of surface and mineral rights has reduced the probability of 
high recovery of coal resources. Conflicting goals of state and 
federal legislators, elected officials, governmental agencies, 
industrial companies, organized groups and private citizens create a 
complex scene for companies interested in reserve siplevrdecdnt In 
the Decker-Birney study area the Bureau of Land Management and the 
Forest Service control 26 percent of the surface but 88 percent of 
the coal. State and private entities own 74 percent of the surface 
but only 12 percent of the coal. At Sarpy Creek the coal is controlled 
by the Crow Indians but the surface is privately owned. In other 
areas alternate sections are owned by the railroad and the surface 
may be owned privately. Since the state does not recognize the right 
of emminent domain for coal, a private concern can withhold areas and 
cause adjoining resources to be unminable. Decisions by an immature 
agency division has withdrawn areas in the midst of preconceived 
mining plans and caused resource loss. Although this is legal under 
law, the loss of energy resources must be recognized. 

Should underground coal mining become a reality in Montana, 
recovery in seams of ten to fifteen feet should approach the higher 
percentages found in the eastern U.S. It is difficult to predict, 
however, since large scale underground mining has taken place in only 
a limited manner. Mining near Roundup recovered only about 50 percent 
of the coal. Examination of old maps indicates many areas of bad top. 
Underground mining of strippable reserves under shallow overburden 
has not been attempted with thick seams. Evidence of smaller mines 


indicates low recovery. The mining of thick seams under deep cover is 
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48 
probably far in the future unless economic conditions or legislative 
proclamations change. 

Coal recovery in preparation plants should have no effect on 
Montana coal. The purpose of coal washing is to remove sulfur and 
parting or roof contaminants. Loss of raw coal processed through 
preparation plants averaged 22 percent (8) but this also includes the 
refuse portion. For the underground mines the proportion cleaned is 
72 percent as compared with 42 percent for surface mines (13). Coal 
is usually processed only enough to meet sales contract specifications. 
The foremost problem with Montana coal is the moisture content which 
runs about 25 percent. 

Drying of Montana coal is the only process manipulation practiced 
at present. The drying is not done through plant facilities but as a 
matter of course through blasting, haulage, crushing and loading. 

Most coal shipped out of the state contains ten to fifteen percent 
moisture. Excess drying is detrimental to further handling and storage 
as sub-bituminous coals and lignite become extremely friable when dry 
and deteriate rapidly. Reducing the moisture content does increase 

Btu per ton and reduces shipping cost per Btu. Future contracts could 
require some thermal drying for closer control but this is doubtful. 
Losses in thermal drying are minimal particularly in view of require- 
ments for dust control in plant areas. Recovery of coal from prepara- 


tion plants in Montana should be no problem. 
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49 
Markets for Montana Coal 

The markets for Montana Coal appear uncountable. In five years 
our resources have developed into vast reserves. How, in such a 
short time has this happened? In reality a combination of legis- 
lative acts and industrial enterprise merged with a growing awareness 
of future energy requirements to open the west as a coal producing 
area. 

Legislation of acts requiring lower levels of stack emissions, 
particularly sulfur compounds, created a need for low sulfur coal. 
Industrial enterprise represented by railroads willing to create low 
ton-mile cost unit trains and by mining companies with the capital 
and knowledge required to open new mines in undeveloped areas 
supplied the consumable energy resource product. If the scene had 
ended at this point, concern for the effects of coal development 
in Montana would be minimal. However, hard on the heels of the 
initial efforts came the stark awareness of a possible energy 
shortage or at best a crisis of supply. 

This last measure has prolonged the interest until an accounting 
of considerable magnitude is desirable. To predict the market for 
Montana coal is very difficult. Many problems hinder development, 
ranging from physical to political. Some might even question the 
urgency of development. The dynamic growth experienced, and expected 
in the immediate future, is a function of the first two factors 
mentioned. Long term growth is more a function of the final factor, 
total energy demand of the United States. Should economically 
attractive means of capturing sulfur dioxide emissions come about, 


the market for Montana coal could become very static. Simple, 
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50 
high volume antipollution systems have high priority in many plant 
development companies. For example, a ‘second generation" scubber 
system has been developed which will satisfactorily clean 3 percent 
sulfur. Cost is estimated at 25 cents per million Btu and a salable 
byproduct should reduce the overall cost (26). This is $6.00 per 
ton of high Btu coal but represents the possibility and concept that 
low sulfur coals have a limited economic demand. Montana coal has a 
low sulfur market only as long as it can compete economically with 
high sulfur emission control devices. The capital required to 
develop coal reserves in Montana must look to this possibility before 
investment. 

Long term development is yet more difficult to predict as 
only minute production of coal based gas or liquid hydro-carbons 
has been developed. Many companies and federal research agencies 
are preparing for eventualities but hard commitments for plant 
installations are few. Montana coal resources are desirable in the 
long term picture but not more so than other western states. 
Montana's coal market does have a firm base as an energy source 
for electricity generation. Future requirements of the west coast 
metropolitan centers indicate continuing and expanding market 
for Montana coal particularly if the energy can be shipped by wire. 
Dramatic expansion of demand is a function of real natural gas and 
oil reserves. Should gasification or liquefaction become very 
competitive, Montana coal is one of the resource areas of interest. 
It must be comparable on an economic basis, particularly as concerns 
taxation and mine reclamation. Desirable physical and chemical 


attributes are not unique enough to sell Montana coal. 
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Steam Coal Market 

Montana Boh. resources fit well into the pattern of a conven-— 
tional energy source for steam-electric power plants. The low 
Btu content is offset by lower than average sulfur content. Conven- 
tional markets represent the core of the Montana coal industry at 
present. The following information Bee nue present and 
recognized predicted production in this area of coal usage. 

Knife River has a fixed production of 320,000 tons per year 
to the power plant at Savage, Montana. Peabody's Mine produces 
two million tons for Minnesota Power and Light. Westmoreland 
Resources at Sarpy Creek has begun shipments of 4 million tons 
per year to four midwest utilities. Decker Coal Co. will ship 4 
million tons per year each to Commonwealth Edison and Detroit 
Edison. The Detroit Edison contract will expand to 7 million 
tons per year by 1981. The Colstrip operation of Western Energy 
will ship 2.3 million tons per year to Wisconsin Power and Light by 
1975 and in the same year begin supplying 3 million tons per year 
to Montana Power plants at Colstrip. Smaller productions of 
0.5 million tons and 0.4 million respectively go to the Corette 
plant in Billings and to Northern States Power. 

Thus production of coal by surface mining in Montana will total 
20 million tons in 1975 and go to at least 23 million by 1981. If 
approval is gained for the two new 700 megawatt plants at Colstrip, 
1981 production can jump another 6 million tons and reach about 
30 million tons per year. A proposed 1200 megawatt power plant of 
Basin Electric Power is yet in the discussion stage. A recent 


announcement indicates it will be built in Wyoming rather than Montana. 
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Coal Conversion Market 

The preceding discussed existing or proven markets for Montana 
Coal as that used for electrical generation. More nebulous markets 
exist in the area of coal gasification and liquefaction. Westmore- 
land at Sarpy Creek has reserved 300 million tons for possible use 
in this area. Much of the reserves on boddanekand were dedicated 
to such use also but recent moves to cancel existing contracts has 
clouded development. Irregardless, the gasification market may or 
may not exist. To date, no large scale gasification plants are 
producing and no hard plans have been filed within the state. To 
proscribe or eagerly anticipate such existence in the immediate 
future is a moot topic. Montana coal does fit many of the projected 
requirements for gasification however. 

Coal gasification requires what Montana resources offer, not 
only from physical and chemical properties but by sheer volume. One 
unalterable fact appears that a 250 million cubic feet per day is 
the minimum economic size for a gasification plant. To supply such 
a plant, Montana coal at 8500 to 9000 Btu per pound would be mined 
at a rate of 9.5 to 9 million tons per year. This figure would be 
one fourth of Montana's 1981 coal production and represents only 
one plant. In 1972 only 10 mines produced in excess of four million 
tons (22). Resource input would be required from multiple sources 
or at least multiple working places within a single area. One 
plant of this type with a 30 year life would expire the total reserves 
set aside by Westmoreland Resources near Hardin for just such a 


project. 
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The requirement of a large block of committed coal is only 
attainable in the west. Although the reserves exist in the midwest, 
the continuity attainable defies an economic installation for gasi- 
fication. Only a few plants of minimal size would create haulage 
problems unless the plant is sited at the source. 

Water is another of Montana's resources that enter into coal use 
at this stage. A 250 million cubic feet per day gasification plant 
requires 20 to 30 thousand acre feet of water per year. This is 
not a tremendous amount in itself as agricultural usage is over 
one million acre feet per year in the Yellowstone basin. Concern 
over water consumption for the two 350 megawatt generators at Colstrip 
indicates the social and political innuendos associated with 
industrial water use in Montana. 

Unless natural gas supplies become severly restricted, Montana 
will probably not be inundated by gasification plants. Preliminary 
work on siting is underway in North Dakota and New Mexico however. 
North Dakota lignite appears very ameanable by location and Btu value 
for gasification. Montana may expect continued interest in this 
field of resource utilization and undoubtedly will Hae coal 
gasification plants in the future. The probability of Montana 
acquiring one of the first installations is slim. Reasons for 
slower development are detailed in the next section. 

Underground gasification is another outlet for the coal resources 
of Montana. Although present research in Wyoming (23) taps 
relatively shallow coal, the best implimentation would be in the 
deeper, thick seams. In situ gasification as yet is only a research 


concept. Low Btu gas is the product and the controlled burning 
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required for consistent generation is not well in hand. A similar 
endeavor by the AEC would pump steam and oxygen underground thus 
removing the difficult underground burning and produce a natural 
gas. Limitations and economics of producing oxygen and steam for 
injection create their own environmental problems with associated 
energy consumption. Previous attempts at in situ work have indicated 
low resource recovery. 

Coal liquefaction represents a potential market for Montana 
coal. A plant comparable in Btu to the gas plant previously dis- 
cussed would produce 25,000 barrels per day (assuming low Btu gas) 
and consume a similar quantity of coal and water. The Office of 
Coal Research (24) is particularly interested in liquefaction for 
the following reasons: 


1. Energy conversion of about 78% in liquefaction versus 
60% at best in gasification. 


2. Liquefaction plants can come on line sooner since lower 
operating temperatures use conventional equipment. 


3. Oil is more cheaply stored and transported than gas on 
a Btu basis. 


4, Environmental control is cheaper. 


Transportation 


Regardless of the coal consumption mechanism that creates the 
market, Montana coal has transportation problems. If the coal is 
shipped raw out of state, rail transportation and unit trains are 
the primary solution. Much of Montana's main line haulage which 
surrounds the northern, western and part of the southern limits of 
south eastern Montana, is only single track with long turnouts. 


The vast reserves deliniated by the Montana Bureau of Mines and Geology 
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are virtually untapped by rail access, twenty mile spur into 
Decker -and a thirty mile spur into Sarpy Creek and Colstrip represent 
marginal encroachments into a large area. More than 80 miles of 
rail would be needed to connect these fingers. Over 100 miles is 
3 necessary to Finish the old right-of-way along the Tongue River to 
Miles City and theSe would only split the area into two segments. 
At one quarter of a million dollars per mile rail develop needed to 
exploit Montana's coal is an expensive proposition. 

Another method of energy shipment is by electrical transmission 
and this again is virtually undeveloped. In-state coal burning 
and electrical generation has encountered much opposition, even 
from elected officials (25). Transmission lines seem to be 
considered ecological eyesores and no decision has been made on 
Montana Power's new, proposed line. In any event, to utilize this 
mode of energy transfer, new facilities are required for develop- 
ment of coal reserves. 

Slurry pipeline transportation of coal is another possibility. 
The idea is yet in the planning stages but has been proven feasible 
for over 100 miles ten years ago in Ohio. Problem areas exist 
physically in product degradation, particularly weak, sub-bituminous 
coals over long distances. Political and legal problems of ecice 
State water movement in agriculturally dominate states changes the 
perspective of this mode of transportation. Wyoming has recently 
authorized 20,000 acre-feet of ground water for such a pipeline. 

The Montana market for our abundant energy source, coal, is 
not large. Nearly all of the- potential market is out of state and 


transportation is a limiting factor for the growth or rate of growth 
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56 
of the coal industry here. The cost of rail haulage and or energy 
conversion and transmission represent one control on the competi- 
tiveness and hence the marketability of Montana Coal. Freight 
rates to some eastern markets are more than triple the mine mouth 
value of the coal. Transportation then is one of the major controls 
on the market position of Montana coal. 

Figure 15 represents the growth and projection of Montana coal 
use from 1969 when development began until 1985,a predictable future. 
The projections are conservative but are based on realistic examina- 
tion of fact. Montana has had no new mine applications since the 
1973 Strip Mine Reclamation Act went into effect and the more 
exotic markets of gasification and liquefaction are not a reality 
commercially. 

Favorable conditions of growth assume: Montana tax burdens on 
coal production are equitable with surrounding states; reclamation 
is reasonably enforced and long range planning is feasible; govern- 
ment sulfur emissions are enforced and no low cost emission control 
equipment becomes available; and the apparent energy crisis is 
solved using coal. 

A static condition will exist if: adverse strip mining 
conditions are enacted; other energy sources such as oil shale 
or nuclear Apel oe quickly; or high sulfur coal becomes acceptable 
as an energy source. Predictions are difficult after examining 
these alternatives. Undoubtedly the market for Montana coal will 


grow, the question is at what rate? 
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Past Production of Montana Coal 
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Montana Coal Regulatory Actions 


Regulation of Montana coal mining has over a fifty year history 
beginning with the 1921 coal tax of five cents per ton. Although 
not a true regulation, this separate tax represented state govern- 
ment recognition of a consumable resource and the initiation of 
control. The most recent culmination of state control is the 
Montana Strip Mining and Reclamation Act. This Act with others 
such as the Coal Conservation Act, the Strip Mine Siting Act, 
and existing or proposed levels of taxation has created one of the 
most formidable state controlled coal mining industries in the 
United States. 

The effect on industry of Montana coal regulation is apparent. 
No new mines have been developed nor have any applications for such 
been filed since the Act went into effect in 1973. Those on the 
boards previous to then have gone ahead, but no new efforts have 
arisen. While adjoining states have been expanding their indus- 
trial and mining base, Montana coal development has stopped. Some 
exploration programs and lease developments are in progress but in 
view of the stream of announcements from North Dakota and Wyoming, 
Montana has effectively squelched coal development. 

Montana coal is certainly competitive from its natural attri- 
butes.therefore the reasons for logging development must have 
other cause. The existence of thorough state control is not 
intolerable in fact. It is the fancy of jurisdiction that the 
mining industry must see before expanding development by expending 
dollars. Some sections of the mining and reclamation act are too 


loose to entice capital which must be depreciated over long time periods. 
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The decision making and enforcement of other sections has not 
enough precedence to offer a well structured policy for mine 
development. Taxation is still in a state of flux and proposed 
levels could reduce the economic competitiveness of Montana Coal 
considerably. Assuming the major portions of the Montana Strip 
Mining and Reclamation Act are acceptable to industry, what parts 
make them hesitant? 

Section six of the act rules on the acquisition of an annual 
permit required by any operator engaged in strip mining and sections 
nine and thirteen expand on denial provisions of this permit. The 
general nature by which the denial causes are stated allows great 
latitude by the enforcing agency. Companies are hesitant to invest 
great amounts of capital such as detailed in Appendix B, when there 
exists an annual poSsibility of closure and loss of the investment. 
This has ne occurred but the fact that such action could take 
place motivates companies to invest their capital under safer 
conditions in other states. 

Other problem areas exist in the application of the intent of 
the act. Section 9-(2) denies mining where the land may have 
“special, exceptional critical, or unique characteristics" and 
where mining might adversely affect the use of character of that 
or neighboring land of similar quality. Various specifics are 
then listed with ecological fragility and scenic, topographic or 
geological significance popular as reasons for denial of mining. 
These reasons have been applied as valid denials already. 

It is important to realize that the preservation of an isolated 
block can neiee loss of coal recovery in areas adjacent. Strip 


mining is by design a repetition of long slices and interruption 
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of the series causes spoil handling problems which lead to high 
cost coal and low resource recovery. While the same agency 
prohibits mining in one area it enforces mining in another through 
the Coal Conservation Act. Unless close accounting is maintained 
one act may easily overwhelm the other. 

Section 26-2.10(10) - §10340 of the rules and regulations 
adopted pursuant to the Act covers topsoiling. Sub-section one of 
this states that "all available topsoil shall be removed---". The 
deliniation of topsoil is a delicate topic and difficult to put 
hard numbers on. As shown later in this part of the report, any 
excess definition of topsoil depth can increase reclamation costs 
rapidly. 

Section 26-2.10(10) - S$10310 deals with mining and reclamation 
plans and Bene rather specific in some sub-section. Sub-section 
4(A) allows haulageway roads only when "their presence does not 
delay or prevent recontouring and revegetation on immediately 
adjacent spoils". Engineers go to great effort to design permanent 
haulageways since continuous development of new roads is expensive 
both in construction and in production bottlenecks. Over zealous 
enforcement here belies the intent which is probably to stop willful 
delay of reclamation. The following parts of this section, covering 
ramp roads and access roads is very specific compared to the tone 
of the majority of the regulations. The reason for this is not 
exactly clear and the limitations inhibit engineering design to a 
degree. 

In any eerie the credibility of enforcement and interpretation 


of the meaning of the Act is critical to development of Montana coal. 
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Antagonistic application of the Act will keep industry out of Montana 
just as ambivalent acquiescence will reduce the intent. A well 
rounded enforcement agency is necessary to provide the diverse 
skills required to evaluate problem areas in an unbiased manner. 

The Strip Mined Coal Conservation Act is another act of good 
intent but Tate iat conflict. The prevention of obvious waste 
is the concept but conflicts in defining marketable or minable coal 
are inevitable. In a high production operation recovery of small 
percentages of rib coal can be a high cost ‘'saving”™. Rib coal 
left to support the spoil pile is difficult to define as waste. 
Increased safety from such support can be invaluable. The rib can 
produce increased equipment production through decreased reach 
requirements and wider, safer pits. Wasted coal and increased 
production are very tenuous subjects to relate. In these times of 
high equipment demand and slow deliveries, high recovery can be 


counter to contract production capabilities. 


Montana Reclamation 

An operator of a coal strip mine in Montana must meet the 
requirements of the Montana Strip Mine and Reclamation Act. The 
operator is required to return the land to its approximate original 
contour and must establish vegetation capable of withstanding 
graying pressure from livestock and wildlife comparable before 
mining. The vegetation must be capable of regenerating under 
natural conditions. Failure to meet these and other specific rules 
can result in civil penalties or misdemeanor action and revocation 


of the mining permit. 

















2I8aW deithdnena te antlaiiini ent nate: ay 


ere 


{se9 oidsalw 10 ol daxedzam eatalteb at 58-24 _ se9s000 4 tex 


{isae 0 {I9VOs87 Poiteteqn HOitomborg gts fh oF. siaallaa ‘ 3 salted 
feos GER. .""w 


vee" Jeoo digi. sad nes Legs dis Yo fags isao rat | 
— 


-o9ane a6 onbish of tMuslittbh et ott ttoqe ond Poqque 3.4 


=e 


¥ 
- 


cs 

saat ; ; A 
"al G24 oat .oidnytayut od oes Jtgqepa douse oti yootea boone ea 
fe ra 

donot haasetseb dguasd? aolAsuboerg pistes Sonnsvon2:-4 





"\¢- A 


A | 
toni bas {ses detach aes tig pelna isobtu bis eens a 


-~ 


DRBL 


, 





Oo + 


io esmk?s seada a] 94k {sa O23 2 dosidue Byounes TI9SV o7H wate 
> 











i 
3+) c: Um A ih 





ad Ako {isvacss ys ,estdevideh woe na baemeh tnangiups 















ae a 
@e¢3iildagus agivaukherqd Jo2t3no 02 sete 
t ' at be 7 - a] 

a 


y 
hn 
x 


fh ape) be 
aatyaate cane BRAIIOE a 


nid Jogm Jase onmdoo! oF oata gitede iaos-s Io rosunmte ah a 
-3nA notisempioed bee eAltt gre eras a iid te sacemeninegs 


) e th <v oes ; th 


‘ : 7 or iu 7 >. 
loptndad ode pak xoagan “ti 92 sient fale away om anna all YOIStsqo 


wpe 
- 7 


“a 


(el beara ctw io a re fts2 panera tina at ‘si worae 
i rr Sieerl ; aa sal os 
s10ied s!ltdeyacme: <i we oot os rs mnt 
9 S sidejzaquas Ys bers 5 voaauyit wy ‘ i? ” * Tere 


volute eksnvonagoy Yo ating od eum vot 
bad io 
astlyy of Lhsonpe auite bak beads Jaen 03 om 


: 3 
i 
itwlrosovat ei Tt) web aee / oneomebale, 3° 


t 






62 

Reclamation consists of three steps, topsoil removal and 
replacement, grading of spoils, and finally, revegetation. Top- 
soil handling is a costly event and the definition of topsoil 
depth can influence reclamation costs highly. Every 6 inches of 
topsoil creates 807 bank yards per acre to be moved. With 20% 
swell, 968 loose cubic yards must be handled. 

Costs for scraper handling of topsoil run about 25 cents per 
yard. Since the soil must be stock piled and then rehandled after 
mining a total of 50 cents per yard is accrued in handling. This 
amounts to $484 per acre disturbed for each six inch slice of topsoil. 
Recent rulings have specified slightly less than two feet of over- 
burden designated as topsoil. Topsoil handling would then run 
between $1500 to $2000 per acre. Above this cost is the temporary 
seeding of the stock piled soil as required by law. Tests have 
indicated that the poor quality of surface material will not sustain 
growth in a manner superior to some of the general overburden, 
encountered in mining. The definition and emphasis placed on 
topsoil is critical to the economic viability of Montana coal and 
recognition of this by the ruling agency is a must. 

Grading of spoils to approximate original contour and 
reduction of. all slopes to less than 5:1 as required is another 
source of reclamation expense. Figure 16 shows the cubic yards of 
material to be handled for various degrees of spoil reduction. A 
one hundred foot wide pit is assured. Since much of this can be 
dozed, handling costs are less than for scrapers. At ten cents per 
yard, restoration of original contour and slope flattening would 


be a minimum of $600 per acre to an average maximum of $1000 per 
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64 
acre if final highwall reduction is included. 

Revegetation is the final cost of reclamation and is difficult 
to deliniate from an engineering view. Despite emotional reports 
by conservationists, revegetation is succeeding (27) and growth will 
probably respond better than original. Much experimental work has 
and is working. The original data available for Montana was non- 
existent and progress to date is exceptional. Irrigation is not 
required and three years of fertilization is sufficient to introduce 
self sustaining organic base to the soil. The cost of revegetation 
includes seed, fertilizer and primarily labor. If research costs 
were included in these initial years, the per acre cost would 
skyrocket. A good estimate of revegetation in the long run is 
$100 to $200 per acre. 

The total cost of reclamation could be as low as $1100 or as 
high as $3200 per acre if deep topsoil removal and difficult original 
contouring is encountered. Neither price reflects the quality of 
reclamation but more the total quantity of handled material. Good 
reclamation is worth the investment and the results of short time 
experience are gratifying. Reclamation costs under reasonable 
guidelines should not effect the economic competitiveness of Montana 


coal. 


Montana Coal Tax 

Although not strictly regulatory in nature, special taxes on 
coal effect to a high degree the future of coal development in 
Montana. For Montana coal to be competitive with production from 
adjoining states, a comparative taxation must exist. The energy 


crisis would apparently reduce some of the economic aspects and 
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65 
emphasize the production capabilities of a mine. This does not 
seem the case as coal contract bids remain highly competitive. 
Reportedly, contracts have been lost to operations in Wyoming 
where taxes are less. 

Montana taxes coal in four ways. The Mining License Tax is 
based on the Btu value of the coal mined and the specific amounts 


are shown below: 


Btu ¢/ton 
7,000 or less LZ 
7,000 to 8,000 22 
8,900 to 9,000 34 
9,000 or more 40 


There is an additional Resources Indemnity Trust Fund Tax which 

is to be used ef a trust fund for reclamation of land where the 
operator has defaulted or for reclaiming old land. The tax amounts 
to 1/2 of 1 percent of the sales price. 

The third tax is a property tax which is a county based tax. 

The 1973 Big Horn County Tax was 15.3 percent of on taxable value. 

The taxable value varies but in Big Horn County is calculated as a 

sum of classes taxed on a 40 percent base of the true value. As an 
example, class 4 includes real estate and improvements and manufacturing 
or mining machinery. The rate is 30 percent of the 40 percent base 

or 12 percent of the real value. 

The final tax is the Net Proceeds of Mines Tax. The net 
proceeds of the mine are made up of the gross revenue less royalties, 
direct costs of mining, some depreciation based on assessed value 
and some administrative expenses. The net proceeds are taxed at the 


county property tax rate as above. 
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The reported taxes will amount to 27 cents per ton for the 
lignite mined by Knife River to a high of 74 cents per ton for 
Decker. Wyoming, our closest competitor for sub-bituminous produc- 
tion has only a severence tax and a gross production tax. The 
difference per ton is considerable as a typical tax in Wyoming 
totals only 15 cents per ton. 

In the last legislative meeting in Montana an attempt was made 
to change the license tax to a flat 16 percent of the price paid 
for delivered coal by the consumer. This was defeated but hearings 
will soon be held to discuss a new report by the Joint Interim 
Subcommittee on Fossil Fuel Taxation. Obviously more changes are 
possible. 

Other taxes include the 6 3/4 percent corporate license tax 
and prospecting permits or tax. The most undesirable feature of 
all the taxes is the Net Proceeds of Mines Tax explained previously. 
None of the state taxes are deductible in calculating this. The 
sales price upon which the net proceeds are calculated includes 
consideration of state taxes and hence the county tax is a form of 
double tax. 

Taxation is a critical element in determining the market 
position of Montana coal. Presently, Montana has a high base 
compared with adjoining states thus controlling development to an 
extent. Minnesota solved the tacomite tax problems with a general 
referendum. In states with low population, the tendency to over- 
tax the few industries operating is predominent. Careful examination 


is required to honestly determine tax levels. 
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Conclusion 

The rapid rise of industry interest in Montana coal has created 
equal interest by the State of Montana and by private citizen 
eroups. Both desire orderly development but over reaction of legis-— 
lative groups and by enforcement agencies has apparently created 
a no growth atmosphere for coal development. In fact, no new mines 
have been developed since the 1973 legislative acts became effective. 
Synthesis of development goals within the state must be reviewed 
and regulation adjusted accordingly. As long as adjoining states 
are more cordial to mining, Montana development will not expand. 

Strip mining of coal in Montana is a very Sensitive operation. 
Competition for land to supply soil and water for agricultural 
purposes, recreation, and industry is intense. Tradition and 
social values are competing with dollars of industrial production. 
Land that supports one cow for every thirty acres can produce 
$330,000 in royalties from 25 feet thick coal. Mining of depleatable 
resources is a temporary thing but political opinion controls 
development. 

Use of Montana coal as an energy resource is very feasible. 
Montana has the quantity of reserves that can be developed to a 
high degree. Underground mining is physically possible but 
economically unsound. Coal mined underground at $9 a ton and 
shipped east for another $9 per ton cannot compete with $4.50 
a ton coal fron the midwest that can be shipped for $3 per ton. 
Subsidence from mining thick seams can be more difficult to reclaim 
than from surface mining where reclamation parameters are well 


in hand. Safety in surface mining is better than underground. 
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High production per man in surface mining limits the problems of 
population influx that could occur with underground mines. The 
technical problems of trained personnel and equipment supply to 
develop underground mines indicate that rapid development in this 
area is improbable. 

Montana coal suffers remote location from markets, transporta- 
tion costs, low Btu value, and competition from other energy 
sources. While desirable from the viewpoint of mining costs and 
reserve volumes, Montana alone does not have the only resources with 
these characteristics. Development is probable but only under 
favorable monccol attitudes. Opposing coal interests must avail 
themselves to an open interchange of ideas if satisfactory 


development is to continue. 
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APPENDIX A.--4.99 MM TPY MINE (UNDERGROUND) Al 


TABLE D-1. - Capital investment summary, 4.99 MM tpy mine 


Item Guanisny va ee =Tovat cost 
COnu Os Mien cot Me ice eG os 26 $6,273,800 
CG ETT OGD oo sa AMOS ois 5 b/d ewe ae ae 26 1,677 ,G00 
SITE MEM G RCA: MBP IS Fax cease sh arate eter otet eho otal es 52 3,083 ,600 
ROG HOOPLE: Geek, PORE Hiieratct wt atahet anata a e's 26 1,107 ,600 
Pa PO OCG GT ol MIE Files oar ett ohooh a staha’ el ol el ats” 26 936 ,000 
PUI PANSY Mt Vins cha sotasuravarenehametahskebebthaber ote! st eats 26 78,000 
MATL GUTIIRI CG Payal ers icretetenetevete* ote! avatebetetatietetete”s 26 364 ,000 
MEGHATITCU RIGO DION «.sccctersratateretaetatetetetasteteete’s 10 110,000 
PEPSONNG] WEED 1.r.secccrnatatetele te ete /elele’e’e’s a0, 10 100 ,000 
TY VERY Ge FOCKIUUSTON cert. tetatetatetetetete’e state's 26 91,000 
Tr Tove duty Tock: duster tshirt here tetetete tetas 15 465 ,000 
SU IGE aI GU Forest. atetata tee tale ta retaletehetetetee%e"e"s%s 8 200 ,000 
SUEDE? GOVT. tects sh cate ere eM arate ate tafetaes% 100 250,000 
42-inch rope type mainline belt 
COT CV ON: tia eerie tity hs tre S Siar Nate bk 4 ee 9,000 ft 576 ,000 
36-inch rope type secondary and 
ae OS ao etna oc Pier oi gielaie yw Winte xs -<59 60,000 ft 35303500 
Mainline belt power center (300 kV-A). 6 90,000 
Section belt power center (150 kV-A).. 16 160,000 
Section power center (1,000 kV-A)..... 26 598,000 
section rectifier (200 kW).....sseu ens 26 52,000 
SetsU Me ew) CET MOUSE S50 % 7 fos “ate n't ses 26 195 ,000 
Sectional izing’ switcn’ house. 2 .%..%. "3%". 12 90 ,000 
mC aN UU VMCM OAL) 2 4's cahesiv agers aca 6% Al 000:-Ft 168 ,000 
PURO Tr one a0 sh. Ce! a sale oteie cs mage o scOhe. «8 22 17,200 
Secu} On Cab1e:-and COUP TEM. i.s. cu ss sos 109,200 
Rectifier for truck haulage........... 5 100 ,000 
VALOR (US pl one Aik Oi ec Re ea CS ar gr 69,000 ft 172,500 
PE Toa CGM Ur Et MSG tn psa «ale sic sia! fees 9 a>, 40 69,000 ft 552,000 
COO mW aL ela NG ia a bate 4. ob iia eine ccd ooo 8 80.8 69,000 ft 207 ,000 
PUNDSmOACeINNESE 255552445 5555.08555455%% 35 ,000 
Telephone (page phones)..........e.00. 14,000 
CONVEYOR Tire DI OCeChION wsrake sds sacs a's 30,000 
Automatic controls and alarms......... 100 ,000 
SCOODETPACTOINGE SUNN: Sit assests 26 650,000 
BOL DEIV) CHANGED shure d asto'e as ose Gun’ wtbienie 26 52,000 
PAP ESELVLCOAMAS IS sects « ia ok o's dere ae Nib ws 36 3,600 
Beer LMNGcd pba OLS Ct sas cee ste en eid wes 50 3] ,300 
DEITMVECSTUGIHNG CNG. See sb ee cs CSAEN ESAS 950 28 ,500 
DECC ROI SE Lats Wb siya soe saints e's He foew a 40 5,000 
SM Y MERTEN tetate ete ec lene alee sa fas aes woo es 600 2] ,000 
PSE OMOME LCT Geta ite tors a ute ewitie's mb a'a's else 600 180,000 
FIPSVCHEMI Cal Cart Aree .Gee Teg ENS LG 15 45 ,000 
Lamp (including accessories).......... 950 39,900 
Ce AG retiee tars ictus oy eck eioceta bin’ dso 75 22,500 
SUG MAC LNs. srk 220 one Bp Fkleidse Sos. 8s 60 ,000 
Ventitd tionefane (dial joo 20 a608 a5. 92 ,000 
COME Ie VS MOOIL hits givin he waGe a yi vralb oe id's ue oo ss i 70,000 
DUTherOCK@auemereCli cys) sect t sess’. s.5 3 1 45 ,000 
SUNS TACION canUNGISLYIDUCION, 66 a0 ec sas ] 88 ,000 
Bathhouse, office, and lamp house..... ] 950 ,000 
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TABLE D-]. - Capital investment summary, 4.99 MM tpy mine - Continued 


Item Quantity Total cost 
350 ,000 


eoereneeevrer eee eev ee eee ee @ 





POMC ACEC AD RUBUSE's vas css ss 6 a's aes | 9,000 
Cee NU aUE icc 5 60d s0% harks bs es 0s ] 50,009 
META eae Ray 8y'c) Bice Oulmcas © a’s 0 ote men cs ] 20 ,000 
SOONG Feral gee 0 EY a GI A a ] 80 ,000 
MP eC ere iv se eoe ble sk 2 8 ,000 
eee MELEE ester icrd's Wee's o up oes h hie! aus Ae oe 3 9,000 
LOT ern een te ateatetla cia Oe 1 30,000 
VAIO PA ers te ee alse seat wien eek cout 1 20,000 
Sy ACU tae Malad eee ata's: sea tele eos s'g Woes ] 20 ,000 
Mine drainage treatment plant.......... 30,000 
SOLO CRON we es eee nals sigs tee eevee hep 250 ,000 
PRUE C Ue Sais ae we tare Seine cs oe kb Re lee Su oe a RES Bee bk ks 24,165,200 
OE TCL emanate aaa ate sis de eRe Sale gins pee MEAN vid § 483 ,300 
see eee OTE UTC GANT ete eta emarach so ace she's e's eon oc map eee ect) vo: as 24 ,648 ,500 
Brae reset 1A eter eet ere ye a tlen ie ele: oii pus Wake Gals. s oe isa Wis Rise bo 493 ,000 
OVE rdiealranumacn its Urd C HOM se ieee wees oe ae SERS bbe e075 100 

26 ,398 ,600 
id eM My eia Catan Ek aed owe, 6 Sas $6 6 0. 6 Weis OS ele ean es 3,939 3800 

30,358,400 
es a ee ape eT aye boy ee 5» k0 Kivivis wis.aie ae ev ONES oh 607 ,200 

30 ,965 ,600 
Ee Ce eC VEL POPE CUS Ulan tie a ase Gwe wine 0:5 Fon etetelewtete ess 19 ,089 ,900 

50,055,500 
PREeS CeOUt ig eae Ve WORMEN Ye oo a Svinte Fe vinls a cateteioee ave = 1,501,700 
GEOSS?) ES UIMALOL acrederents « PRM oe date el neath cial as at eet ie ORT ee 51,557,200 


Credit for coal mined during development at $6.50 per ton 19,843,200 
31,714,000 


ony eee Med OUR DOP LACT Es) s's uit plete le 50s sdsie as oc< sas 5 ,679 800 


Neue Seiidler MU aie. FON. the day SLEL... ARLES ALEie 37 ,393 ,800 
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TABLE D-2.-- Manning table, 4.99 MM tpy mine 





Wagesl per Sa Anuahecost,  __ 
eee eee ay. 220 workdays 
Underground 
Continuous miner operator. 66 $50.00 $735 ,680 
Loading machine operator. . 66 47.25 BIN shou 
Machine operator helper... 66 47.25 695 ,750 
Shuttle car operator...... Joe 43.25 1,275,340 
Owed GRE oe. bd mlere o's. sate 12 47.25 113891,,500 
DY mated RENO Midis «sds! «.<,6) 0. 6.5.6 66 42275 630,410 
UE De ERATION ana See 5h ot 52s 5 e's, « 66 44.75 657,450 
Mechanica(section)........ 66: 50.00 735 ,680 

660 6,817,560 or $1.36 per ton 
SUP IAWMOLON MAN wins ievs acs. «s,s 24 43.25 231,880 
Be Ta Dae wah elas drat’ <2 45 42.75 429 ,825 
(hare isle weet ee ee 18 42.75 171,930 
Wi EDA ieee tn oleh. otred « 18 42015 14 1930 
Mason, Aprecisi6n).......<. 30 44.75 299 ,750 
PUMDENs see aiken hit hy 6 42.75 375310 
Ue A RP Wi tete ess oo oe. 36 44.75 359,700 
ROVING) MECHANICS a... ss os 18 50.00 200 ,640 
195, 1,922,965 or $0.39 per ton 
Outside 
LANNE Pics ia psi cere pile reneabts bs » 6 43.50 58,300 
Front-end loader.......... 3 43.50 eset ou 
SOP CMCC AMI Ch bs. <n sess s 6 wl: 50.00 200 ,640 
2/7 288,090 or $0.06 per ton 
Salary 
SUPCYANLENGENina. -ucwhwar | 26,400 
Assistant superintendent.. 2 3/200 
General mine foreman...... Z 34 ,800 
Assistant mine foreman.... 3 43,200 
Ssection<foremant.fn« seas. 66 831 ,600 
Maintenance superintendent ] 19,800 
General shop foreman...... 2 27,600 
Mine maintenance foreman.. 3 41 ,400 
Chief mine engineer....... ] 20,400 
DTIC SUT cas cgetecn iets rie U viais.ss, c 16,800 
ROY RE COW sree cule vie a kes 6 54,000 
Babeby IPPC COM seas c.s 6 sles ] 18,000 
BATE LYOTISDECTONs «sca tu ck 3 39 ,600 
UG Le Sans MET cn oR oes: 89336 6) 5 6 57,600 
OTP VCGNMANGUOT <tc... 9 + cls’ v.04 ] 14,400 
Timekeeper and bookkeeper. 2 20 ,000 
Purchasing supervisor..... ] 14,400 
Warehouseman.........sccee. 6 54,000 
109 1,377,200 or $0.27 per ton 


| 


Total labor 


and supervision..... 99 10,399,800 or $2.08 per ton 
1Figures in this column are for the day shift. Shift differentials for 
other shifts are reflected in the final column. Rates used are effec- 
tive Nov. 12, 1973, under the Bituminous Wage Agreement of 1971. 
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TABLE D-3. - Depreciation schedule, 4.99 MM tpy mine 


Straight-line Yearly charge, 








Item depreciation, dollars 
PXOTOLALIONMEL EGLO. oc. sath e she k 20 12,500 
Mine drainage treatment plant...... 10 3,000 
BUDD LVey aT doe seeG tee 6c6 be tN oe da 10 2,000 
Ma COPA VAMOS Ue PANNA ee eee ea hen 10 2,000 
Om STOVRQCRU EVIE Get isetiebe ow ocak 10 3,000 
Cy CKUD ME rUCKTRRSG te 5 iN 55 ob Rea bee 5 1,800 
UGULTUPPEFUCKEA WR BAG 8s hn eee cwbes 5 1,600 
DE OOZEV ER Vie MPGIA 64445 boc bees bes 10 & 000 
Petcare te MM CN Als od eke ae foe 10 2,000 
PrONE-enGsTOade PENG W584 bhi ee be 10 5,000 
Powder and Cap NOUSE..s5.5 5.08063. 10 900 
SHOP ANGeWATENDUSC 2.204554 00. es ee 20 17,500 
Bathhouse, office, and lamp house.. 20 27,500 
DUDS TAG TON Hell PERG ee We ck RM oe bah 20 4,400 
BULKY rOCK* duStiPactld ty... 5 ......hes 10 4,500 
CONCRELGMDOr Ud SHMRIR SK J. bce te bos 20 3,500 
VETIC TH CMOUN TaN vet Shae ds + bees ses bse 20 4,600 
SPGe PPeArat1ONs 55. cnleletens.s tercee.e+ 20 3,000 
Coglemine:satety equipment... 2... os 9 93,400 
Underground equipment.............. 10 2,191,700 
Interim equipment replacement...... 20 505,000 
SUBCUCA TE cee SRG te ates oe ole etn 2,756,900 
Depreciation for field indirect, 
engineering, overhead and 
administration, contingency, 
fee, cost of development, and 
interest during development, 
less credit for coal mined 
BUCO pete COM ee. satxls cas ou aes 5 20 Oe SC 
Pe ee eT ek Sk wiia as 88 3,134,300 or 





| $0.63 per ton 
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Number 
of 

units 

2? 

22 

44 

22 

22 

22 

Zz 


Power: 
Water: 





TABLE D-4. - Power and water cost, 4.99 MM tpy mine 
Home cer: KW, ee 
Hp per| total jday,.full) total | Total kWhr 
Operation unit | load load load | requirement _ 
Continuous miner... 0 ri 9,847 147-405 
Loading machine... 2,626 39 ,390 
Shuttle car 4,431 66 ,465 
Roof bolter 821 14,778 
Ratio feeder:..... 2, 0oe 30 ,780 
Auxiliary fan 492 8,856 
Mantrip Jeep 246 1,476 
Mechanic Jeep ne 1,680 
Personnel Jeep.... 56 840 
Rock duster 492 5,904 
Supply motor 477 5,724 
42-inch conveyor... 67] 10,065 
36-inch conveyor.. 895 13,425 
Ventilation fan... 313 8,952 
Extra for pumps, 
LOOTS, 1 TONtS’, 
522 a nyece 
361,260 





$0.01 x 361,260 x 220 = 794,800 + 4,994,900 = $0.16 per ton 
3,000 gal per unit per shift at $0.10 per M gal 
= 3,000 x 22 x 3 x 220 x 0.10 + 1,000 = $4,400 





uy 7 ‘| ma Ms chen rf ; 
> et A | ee 
x ae 7 . ee co. , 


i> , 
a Pe Mi eis 
sera ee 


; 2 its ae —s 
a a : awe: 
ae | fc Di ; 
eM | hap WY: ‘ae math 
"peter or FT fi 

















* = ‘ 
if ; if ; ; Ec 
. SR i obese Sag 


cae Fe eee often 
Ge | ue. RD VRE TT t 
af see. 0090 Gene 
ee : Sabah, ataiiea® 
ce 436 i sanoeitay! 
| bv oe IN AOR 
| 













| 
lf ae | la 
ett 


} | 
aig | o (se: 
Sif | ‘He! 
CM } et 
anv 2 haut, 

Ae 


“tun } it) - 
dad “ert ‘re 2 f } “age gf te 


noveyens Hot t+ on! a 


— 
¥ 
nae 
> ' 
on 


Pe ef aug er Us Oek |... mee vio Se 36] 9s ‘e- 

$c, 8: (EME : NS. Oe | teats ooh tert gniey i a 
| | p | BARIIQ oF AN 2) ee 

i heeled ae hee | WED ating 

Maid 5. | te TN Jann eh te ie Ss 8 aes er 

re Oe cl Slee ies 2 nse Ae thy lie MBS 


met 89 AT Ok = OUR MRS + O08, POY — DSS x Yas, iat x hone ‘neWn9 
hap  s8q OF, 2 te the yeq imi nog ap GOOLE syeiiel 
eb Eee 3. = O00, fF #000 1% O88 xf x Sox OOGF « ! 


oe stent 





ee mt he Nd th i 





a oe irre as 


Ao 


TABLE D-5. - Estimated annual production cost, 4.99 MM tpy mine 


Annual cost Cost per ton 
Direct cost 





Production: 
Pree ees Ten Oe eT ete tes See Ps oes $7,891 ,600 $1.58 
CTY One wc Mess sect oe sf oes eC ele as 1,282 ,400 225 
9,174,000 1283 
Maintenance: 
CORES isu atau mar dedey tana elvtat tee anche ssrasiereetivaiaineg 157-37,000 0.423 
rN: Vil SOUR nile tatasete ccatanatate at's «Wie wienele 88 ,800 02 
1,225,800 229 
Operating supplies: 
Pe NG Maciine Par Lowel esc thos et tes ae 2,497,500 90 
‘ Lubrication and hydraulic oil......... 999,000 20 
ROOT UOT CSA GT TUDE T oiler <a. ok cede boos 1,248,700 veo 
RO MUS Caer Shia aieiaietatele em ele’) on Kinterenana.cs 499 ,500 > 0 
MPA OC TOI ares ee ory ire ete ce 's ea ale ate wie's 749 ,200 215 
SADR aes eer tase vets Varo Mtcie as via e o'e'8 she wie 399 ,600 08 
OE Seta tats ellis w eagle ls 4a loa wise em eie 249,700 .05 
aS COL TANEOUS Ueie chew o bine at's on one o> aly ss 499 ,500 te 
7,142,700 1.43 
PEWS fae ea at ere ay cicoe a alates Aer aisihoa tes ois cos 794 ,800 ae 
WALEMUNT cee mnear te SN eee e se ees CRLF 8 4,400 
Payroll overhead (35 percent of payroll) 3,639,900 a 
UintoniweltanetassccH. 2. ORPEONS. OF. 28e ers 3,746 ,200 15 
Indirect cost 
15 percent labor, supervision, and 
SUD E Seles ricci: acts o ie ears eonva be ais,0 6. ae 2,631,400 ee 
Fixed cost 
Taxes and insurance, 2 percent of mine 
EE Nii icsdiscctcnive Ie isd! acy siti Pinavonividaestat cee ooa¥ eX 717,800 14 
CBee TAY EAR UATIOIW Wedtdaesncv oc eesncrctetaeetcbabe Avitabertite’ ots 3,134,300 ee, 
; 3,852,100 77 
Total 32,211,300 6.45 


lEffective Nov. 12, 1973, under the Bituminous Wage Agreement of 1971. 
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TABLE D-6. - Estimated development cost!, 4.99 MM tpy mine 









Item 

Totaiwiabog and SUDErVIS ION. ene: weds <5 $7,832,000 $2.56 
Wien eSUDD UVES ae wk. 6 tate ais amid d 4 2,747,500 0.90 
ROW a eere ere ae are cree eS sore a cs cas. te eo 366 ,300 rie 
AVRO OVETNGGU cate ate bales visw vices dos 5 2,741,200 .90 
UD PRR EWEAT OLE s os cia AMN> 6+ < eh: ORs «Le oe 2,289 ,600 a 
PGIE i UIS Lime Awd Ant oss s quneye «bs 8s 1,586,900 E 
Pa Orth yaks dine AIMS Ley ve BH ade ods 9. 1,526,400 





bes ck. Gas ARMS 2s os 6 OER. de © 19,089 ,900 


Cost per ton = $6.25 
Tonnage = 3,052,800 


Credit for coal mined at $6.50 per ton = $19,843,200 
1Estimated development cost covers the period of time required to place 


all units in operation within the projected mining plan. 


TABLE D-7. - Estimated working capital and total capital investment, 
4.99 MM tpy mine 


Estimated working capita] 


Dic MADONNA, MIA. BO dec CAIs i de cos Behece 3 months... $2,599 ,900 
Operating SUPP TOS dim... . 2 al Gsle ede ne os shales Symon ths 2s. 1,785,700 
Payroll] overhead... ..s.cceseenteceececociececes 3 months... 910,000 
Pit CICS eda as cok kee dens ca ees 6s 4 months... 877,100 
VRE CCO St ea Bass seats 0.5 percent of insurance base... 179,900 
SDAVE DAWUS oii gs oa cv alvte esse ante dels Hoe PI Ti lesa es es 874,500 
Perec Orae Cush eo Poo me tea sts cee ne hpie ce ek A ees Oe 100 ,000 

ie SON BMOEIING (Cau It abe. (ty c6co da sa cea aes cl ca a a 7,326,700 

Total estimated capital investment 

Total mine cost ene Te ASO) ovat ies sealers a e's 35,892,100 
Interest during development.......c.eeceesesessccceccces 1,501,700 

GOL arte e is dieing Westy wince oes aes Sos bb ole « bo 016 37,393,800 
HOPKIN OU CADA LA lect iat ja slueie calc sab os stlaeeecsctsenvebaes 793204700 

Estimated capital investment..........eseeeeeecceess 44,720,500 
Estimated deferred capital investment............+-eee- 30,973 ,000 


Total capital investment and deferred investment.. 75 .693,500! 
1 This 1s an average cost of $15. 15 per ton of annua! production. 
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TABLE D-8. - Summary of discounted cash flow, 4.99 MM tpy mine 









Present [Present worth 
s worth capital Present worth 
Capital factor at | investment j|cash flow value 





investment percent] at 12 percent 








Cash flow |12 percentiat 12 
1a 













































































0 |$44,720,500/}$-44,720,500 44,720,500 b-44,720,500 
] 365 ,000 6,834,400 325 ,900 6,102,400 
Z 365 ,000 6,834,400 291 ,0C0 5,448,400 
3 365 ,000 6,834,400 259 ,800 4,864,700 
4 365 ,000 6,834,400 232,000 4,343,300 
5 849 ,000 6,350,400 481,700 3,603,200 
6 365 ,000 6,834,400 184,900 3,462,300 
75 365 ,000 6,834,400 165,100 35,091,200 
8 365 ,000 6,834 ,400 147 ,400 2,760,400 
a 365 ,000 6,834,400 131,600 2,464 500 
10 | 23,070,000; -15,870,600 7,428,500 -5,110,300 
1] 365 ,000 6,834,400 104,900 1,964,900 
12 365 ,000 6,834,400 93,700 1,754,400 
13 365 ,000 6,834 ,400 83,700 1,566,400 
14 365 ,000 6,834 ,400 74,700 1,398,300 
15 849 ,000 6,350,400 155,100 1,160,200 
16 365 ,000 6,834,400 JogoUu) 1,114,700 
17 365,000} 6,834,400 335100 995.5400 
18 365 ,000 6,834,400 47,500 888 ,500 
19 365 ,000 6,834,400 42,400 7935000 
20 |-12,641,500| 19,840,900 -1,310,900 2,057,500 
| O3e/120,100 3,100 
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TABLE D-9. - Discounted cash flow, 4.99 MM tpy mine 
12 percent - 20 years 


R = 53,772,100 + 7.469! = $7,199,400 
less depreciation 3,134,300 
Depletion + net profit = 4,065,100 


Gross profit = FIT + depletion + net profit 
Depletion = 1/2 gross profit 

FIT = net profit 

Depletion + net profit = 3/4 gross profit 
Gross profit = 4/3 x 4,065,100 = $5,420,100 


te aE as Vanya oe acs $37 ,631 ,400 
Operating cost..... SL sere acu 
Gross Drotite. sss. 5,420,100 
DEDIeLhOlies cee ass. 2st 105100 
Taxable income..... 2,;/10,000 
ere eta ese tans os £7355 5000 
NOCEDLOUI Lee ices ss 1,355 ,000 


Annual cash flow = net profit + depreciation + depletion 
: Sai a55, 000 6) atlas ssu0 | tie. 71D, 002s) sy , 199,400 


Selling price per ton = $37,631,400 + 4,994,900 = $7.53 
I Uniform series present worth factor. 


U.S. GOVERNMENT PRINTING OFFICE : 1974 O - 528-976 
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APPENDIX Bb B | 
5 MILLION TON/YEAR SURFACE MINE 


TABLE 61. - Equipment cost summary (Montana) 


























TERE Item Total cost 

prilla, AV OEDUEMCIVE Tee hls a wee icles oS OU Se Ge 4 $149,000 $596,000 

i TL eed nce tern oh ee ois © 6 ee wee es ie 2 14,400 28 , 800 

Baba Dio SANE LARUE Ki inseruminetsviiannnsn coceneneniacterisnanionenamresbnae “6 E™8% 4. 23,400 23,400 

Dragline (including freight and erection)...... 1 5, 782,000 5,782,000 

Prenceendewheelstoaders;*’coaks crc c tote eo ass . 129,000 258,900 

Nate rs yecoa tT eCbottom ‘dump ito ia oo ol geo ae es oe 4 119,300 477,200 
SM RCL UCK RE Mee Rr IO PES PS EO ele 1 6,000 6,000 
Bet LOPE OPA ARM E MN Ra ola! aM lete tales e ety es 1 32,000 32., 000 
Servece ruck Bets and orb): tht ee ae ee ete es 1 30,000 30,000 
Mechanics truck....... SRT SPT A tee oes 1 6,000 6,000 
MRR AL UTIL ono hee ahah hotel Mabe Neetelete state ote e ete ss 1 8,000 8,000 
Perret RAS AM, MOM, OTT ett Fle ne sete ele ® 6 3,500 21,000 
Poetry el PSG rac leet htt ets te tote eters ts soles "eee e's s i 24,000 24,000 
Be tare TEATRO 4. tho at te eet ota es e's ea ots 1 5,000 5,000 
REE ME IGT SAAR t nce h a MR shah hehe "este ete 's ne sols 's olen se 0 0s 2 157,800 315,600 
PUTERICAAEE AGTH, Uhre tI Ste lee tate ates es Me late e's Tele" ole de® 1 69,600 69,600 
Big) oc a pe A ome Ge 2 ane aa iat a 103,000 309,000 
Rappers,* hydraulic for dozers.*.%.). 7 2 11,700 23,400 
SRE y, eI PaO: et, WMS R. NS fee se ee a's bss oe 8 8s 2 5,000 10,000 
Tiweas TLoodli eit. 5.747%. RU 0 1,800 18,000 
Pinos Leseereu Lhe. Om MERA Sy Leen ees 2 3,800 7,600 
Crater, Seperconneds4s 25%... Stee SAS SANS Z 4,500 9,000 
SHURE LONEOMOWETAG Rhee Tt SRS SAGE 8 St ~- 50,000 
Transmission line, power (initial installation) 15,000 
Vidi tCoaLnesloading: facility. 4, .420.50225 55555555 1,000,000 
Pitiipateasing MirdeWellincss..444.25552558535 0850855 15,000 
Ruidcinestorticene, .wowes ..luitiel.peete, .ah,00 157,600 
Bunda neetehopeeree 280211 Y.ssgssctehetsretstst 1355,700 
HiMiaT ee WaLeCnOUSey se sts sick aeie eset 2a tk lke *17,300 
Bilsadinpeawachhousers.tieics cies teeeee es sesris: 112,500 
Seve, COULSS) ang SCUIPINIeEnNE: +s. itch s heres sess 8 ss. 250,000 
Ger iceeiirniturer and’ stipplvests ste2 hess. 350222 50,000 
SDELCEPPEPASGECON TEP SRTERT TESS SSSR T et Se Zen eu 
ROSGGE(IDFELAD isis cht iees PRES hee 225,000 
ERPOOUNGLONMs cre reese hse sees ere sess le isis: 66,000 
TOCa LIA Sree ie pes PERE SES EP ETS ST 10,195,900 


a 
Prices include all materials and labor. 
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TABLE 62. - Depreciation schedule (Montana) 





Straight line Yearly 
Item depreciation, charge 
ears 
DEEP LSet OVETDULGEN) 655 8 iis aos 5540s 65 8 ee + bbe ew she's $59,600 
DEPTS MCC OAL) tia sical s 6s ee ho oe es scim/G 6» hss: 0 5,800 
ERPTOSIVESPELUCK is ei iia ee ees ete e ee ee Oe 2, 300 
Drag vine’ (GvVer burden) ..00. vs is cise seca ver esrseucle cs 289,100 
Wheel loaders (coal)........scesssssoesoces Wim of wie 51,600 
TEUCKSMLCOAT “WWAULETS) ¢ 5.5 hbo 55 45.645.5045, 6 04504 8 Slew 95,400 
BOTY ECIUCKHOOe soe i al6 55666456 ee Oe S Hee olen 2,000 
SPRINGS CYUCKS seer sh 027d E44 he AER ORE ee ole oe 3,200 
Betrvicettruck: (gas and-O11) ssassssissccccc vise cine. 3,000 
Mechanic truck........... PRESS GEG OT owe oly 5:0 1,200 
ME TOIUSULTUCK?) FLOM a cs ns oth bao eae hea ee whe viele os 800 
PICKUP CLUCKSG oe ee Fcc oe. Wet es 6 PE. S IIS RS IK hs 7,000 
De eA SC Kee ae on oa mica Wilde Mid of eMe «i Aes 2,400 
BPCCOr TC LAN CEUC Cis 6 bth ek eee a ee eh oe ea ww ole es 1,000 
SELTAPET SURO AEP e i cise eke ease reas eewens ute ae 63,100 
MOUOE (RCAGEE OM . bcs ie ce b ee ae Pes eee SS RAN way Bh biele’e”s 23,200 
Oc SE oe oe ee ee ee ee oe ed ee 61,800 
Rippers, hydraulic for dozers..... Cee A TEAS BE ticks. « 4,700 
Pignp $5 = SUMO 5.3 5k 958.080 e.5.5,5.0.8,0 0.4.5.0 os ieee ee pei acs 500 
POWETS, TLOOG LICHT IM, © ire Ne oe oS silos oR iete cele eee « : 900 
Automobiles....... Sree lib ahi dbins\ Ss dhahinat Ato Sa RMSU Ree wo te telle-=, Jo tee Mesa 2,500 
Carryallsoeero.c.. SESE R EH AES Eas Sethi vdans bE ele she. 6 0 1,800 
Substation, power..........0.6.. Ree L Kt bets (chelate 2,900 
Transmission line, power fintetal installation). 800 
Unit-train loading facility....... b bo 445.6% 545 Biekt eve 50,000 
Pusips "GAbing; and: wellisv.ccciestssesstssscaseta... 800 
BULGING SY asd hiv sess PREM SSREE DEA AWAKE facie t 22,200 
Stiop, toolsayand equipments iio ods 5555888658 es eee 12,500 
Office furniture and equipment............. FAB Aslinve 2,500 
Site preparation......... PRs SEATS SESH 4 CREW A ee 1,100 
ROC Riera) ea ee as 05 oh hye echt eels oe Behan 11,300 
EXP LOTALION.Gp.0Ke oe oe tks oN ORO Bild ERS 2. dat 3,300 
BS he ie a nals os 1, Oe Oe ok eee Beet ae soe 789,900 
Depreciation for field indirect, engineering, 
overhead and administration, contingency, fee, 
and interest during construction........-..0--+-- 130,700 
Total yearly depreciation...............-.-.--. 920 , 600 
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B3 
TABLE 63. - Manning table (Montana) 


Personnel Total Wages per 
shift ear 


PRODUCTION AND MAINTENANCE: 3 SHIFTS PER DAY, 7-1/4 HOURS PER SHIFT, 
5 DAYS PER WEEK, 48 WEEKS PER YEAR 














Dehilery oo. eee ee AN UE racer tneratas be se Modes PTs bad 18 $123,900 
epee CMY he Ne Meee eos ea. Gi Cie aCe ee ve a 0 od 0.8 010.8 6 41,300 
Be OS FIs Mea cats on Gar nde ati a oe 89 ye 8 a oa < 23,100 
Hp Rae VOT A OVGR EA a0 OTT. oe dies acc 6's) s. 0 e.5rae oS 0s 9 61,900 
Oo TAS 8 ET Re i a aaa ee eae 3 21,400 
MOLOL, CTLAGET ODBCAL OR a aoc sii ee puss Pied + teeutine © byngaun 3 20,600 
PONE CMODELACOT ices Spy wiete try. he ks ee 8 ed 3 6 one rcs 3 20,600 
Re eee eee se ys histe e ciitela wsrsis over aie ke fees 3 20,900 
PECTS Glen te Gin cic ocle! ats pie? nie wuriels «gies a aie a a 6 6 42,800 
GA MRERDO Te St a cine oc os sais cige os oe este 8 neo 3 21,400 
LADGip NUCH OSE CLOG . bictew le bon cee o's baw se nese eee 6 


1 SHIFT PER DAY, 7-1/4 HOURS PER SHIFT, 5 DAYS PER WEEK, 
48 WEEKS PER YEAR 





UE Mar ee ee aE eos sie we cis ya ee sis dive « e's ie. as $6,800 
GOT AN ERO RPE ALOT ps ils s Siete Spe a ele w aioe 6 Eo wie 13,600 
Die CSIRO AUNT atthe nto icidic 5 oe ein is fier a'e eo 6 steve ao 6 aes 13, 600 
EL Te a ire rio a so 44) 06 6 Se lel acs odie e sis Ree 28,100 
MOC alll CHMGUOPS irae erinc ss ses ss 6 Ube bho vee ch Ree 


HGSt lets tee eerereit Ce ccd SR ae oe ROU hs be es 
3 SHIFTS PER DAY, 8 HOURS PER SHIFT, 6 DAYS PER WEEK, 

48 WEEKS PER YEAR 
Dragline pperator Meee eee ey ce banal eee wit GS are ene 
WECKOAYS: 6 r.cirsc,e,2.01000,0 BONG) din A! Sie natin ast pi aes thas ae 
Saturdays® eM ee Giese src wi ruly & Ristel ele edie» oo 'sleh euslie.« 
DER A ORE!) 5 3a. a) ofa. as os a) s| iste ei oierte a 2 quale. ¢ 
Weekdays’ ete asteA gc bse; chain = i Fire elo aaa ie hd sa) 6 0 6s a whe 
ey Ben eae ee cig ook a ie Mi ths, sais © 4 ore. tle 
PS CE BODE AT OT ee ae 5 0 oie sis kee s 6 4 60% 06 6 0 6 the ° 
VERON GS ee Ee oie Bos cu Re pin s Sa ee Oe 
Saturdays* Maas leks ile" te Sie itiatine Pisktis cock wrusi ale oe > 
SOIREE Ri Gt phil o gaale ee Oh eal oils ie ait son eee up kunle hint 5 
SUPERVISION: 8 HOURS PER DAY, 5 DAYS PER WEEK, 
48 WEEKS PER YEAR 






















PRIDE Pate COCR cee oils i cls ate dass ic ie oie is F ous. lb ase 1 $20,000 
Assistant superintendent............. Weiaks Gieiav'en 1 15,000 
Peete (NCC eet se Gl les cos aisle & ale Cues 1 15,000 
Assistant mine engineer......-.-..+.eseeeee0- 1 12,500 
OE a ADO 8 sti, Ae 6 6 s50 slate ool Ao 00 00 2 o.a'e 1 10,000 
CRAG Rs eae Peete las ia! SEs ace canis 4 athe e.g soa 8 6 8 0 siete 1 7,500 
WATEHOUSEMAN + «i oisih + aie nie + 6 epee onan ine oa Boe 9 oan oe 1 7,500 
Mine foreman....... SRY as he a ee 3 37 5500 
Mie Cee PC AT ta ocr ily ic, 65s ola d cities. e, © ccc are e036  s 1 14,000 


ore eco oer eer ear eer eee ere wr eee oem Hr woe eee e 


oeoeepeveerewreeeevr ee ere ewe weer wwe ee eee 


1720 man-shifts per year (3 shifts per day, 240 days). 
7144 man-shifts per year (3 shifts per day, 48 Saturdays). 


| 
| 
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| 
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| 

| TABLE 64. - Estimated working capital (Montana) 

> 

| © Dimer ieee, SAMONEN AR ce tiale en's 0 se S Mbostera renters ace $188 ,000 

Paver OVeTNeAaG, 3 MONCHS 23 .:2< v4 2's sae 4 00's tree's 65,800 

| > Qperatineestnp ilies, J months... 22.22 esiseceaces 466,900 
0 PiGUGeCteCOSt, §— 4 MOTCNA yt sie ccs ot wise bibles sc ole ee 131,000 

| Fixed cost, 0.5 percent of insurance base...... 62,500 

| Spare parts..... at) eal aie MES tleies ass Shr tetetd 5 oe eine Ritie ise 68 , 800 
ig Miscellaneous expense............. eh) ote tas dS Na 86,700 
a LOLS Vepaere tis «0: 04s 3 sivincor vaste ts) Gib iw Ge ela wakes wieis\ e016 1,069,700 


i TABLE 65. - Estimated annual production cost (Montana) 
0 é 


Total annual Cost per 
cost ton 








= 

lo Direct cost: 

| Production: 

MRS gM ee ee era cae ol sais aa) su laste # sce een a "a's fale acess « Sas $479,500 $0.10 
0. MG fovel oe ON Gg atete  <Telole' > crs 3. Rc atedeta iste ial a/o- <tule ceva’ Bre ae 100,000 aa 

|_aa DUDE OLAL. © on 20,0 Saleh elaisreete Wisiateleieiete! wee te 57 OE SUbues 

| Maintenance: | 

re DADO eh itets ov ee cise ees erkal ete sod le atau Sioa maetatetorans (a 6's : 133,600 02 

90 Supervision....... Re Cateis evelel ee 605-50) 2 Barer ate mises inten 39,000 Ol 

| at TEE ART RE WR A dct a ge ae tae i cecLelaveteisuereels ete 172,600 .03 

= 

Total direct labor........... aiecera ele sitar ae oa ope eee TL = eee 

= Operating supplies: 

| EXGRONRUCG eras. wit eitvcstacels + isfs o'0.6 0 06's © ayaa euaiisien se eee 850,600 cay 

| . Fuel, lubrication, and hydraulic oils; grease 

|e AOS PUL EBA Gh cle gs ete e chere cs alate Brita dea eae eee Mel aeemen aah site 111,000 .02 

| | BO ARGS MARU te se ss ie cine ob) twat mira wieie [adele 458,900 09 

= A © Sime ea yc oe oro eM ans unlh 01k 0)h anna set aa Vakcniaa 150,300 .03 

OEIACEPSUDPALCS caso cca re cae nee aes aleia's ise 8 ceeun ere 1,000 - 

C44 MISCE LUANGCOUS cr ions oc siete dle e olets d waa aiaTais seis at 03 

| Toba Operating Supplies «5 ).%..5 ace sieiece mn bh.e eek: 

| 00 Recent. Te i bac cele eg enwiee'e's 126,000 03 
— Payroll overhead (35 percent of payroll).......... 263,200 -O5 

| UNLOUEWELTATE. . csic5 «Mee «GAO ec use Sait nso es syuaie #28 1,000,000 - 20 

500 Rent, royalty, and strip license............0.- oe S20 

fa SUDCOLEEP ED oo octet He Oe case cates 6 sales 

| suv TOUCHE SGTTOCtT COSC. cies vt cee ole. 2 4 pie) ore e vl el eheais 1.00 

900 Indirect cost: 15 percent of direct cost and 

fe SUPD LLCS Ticats oo + oS GAGS Oss Reece ee ot owe w Ss od ses 08 

i Fixed cost: 

1500008 Taxes and insurance (2 percent of plant cost)..... 249,900 203 

pum Depreciation............ Soe WIC bois bee ee Sea e tals eteier ot 920,600 19 

) Deferred expense....... sah s, <geasieLakees it eh sists fa stetater ating. & 347,000 Oy 

“100 Total fixed cost...... RNs ale Win ee Whielate, ple ee hs 


a Total annual production cost....... Des Wooo ieee 6,943 ,400 1.39 
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TABLE 60. - Total estimated capital requirements (Montana) 


PADP eee CURD La neS ATM TORUS. 2.x we pia ees cals clan de eee cee een eees SLOT. ouU 
Di Eee OM ee eer gly as iis lois + Vices bas 6 es Adload 0 vee eo eo Re nee 8,124,600 
Puma eMC ENC ATA SOB are )ocx cote a ete 9) cite cei ea > ty ves'els Ae e086 1,000 ,000 
TRUALSOLT CCE, fa tans oat te) - SRR EI oo ck tebe ea nce s 1091955900 
Pe eC Ca ile vives «a oie d's 5 PME ote. coven 0's oe ee bib oine one Mate oD 203 , 900 
Total construction..... a iganere augoeeroteistaraye Beered eas ana 4 ato sida anges a kip eo £0,399;8900 
REV Le A egentr oer oe alo) aks 1a feels lole’as serge. SORA ates ecole (ead el aeaie O's wadueae oyu eene 208 , 000 
ee elastase er eh ones (8rd Sue fais FRG ed vee @ ole Sb whet ege Re oo aaa nat visas 10,607,800 
Overhead and administration.............. Beta oaty oan ian ie bis se wheter amon 530,400 
SUDEOGa Ls sh 1s ns Aine Pere a Wee ee aie aier et ts Pe ota gs toners & btalets St wp waa watered Lk e uu 
ROROED CS LSC Cement ia olay Scud 5) stein iy g's elabe eagensle.s sale os s)e.8 aie b 40 et aie odes aborts 1,113,800 
Subtotal............. Dieta til a 75 a Meitaes Sos ot ihe rele te fan es sioce, 6 Vote eae. apoteme 12,252,000 
MESES eter as 5 meer ane Leralia al gs a. 9G! SAN ta cons of onex6. 18 Reo WRU Bea Ie s.e b 3. 416.4: oe MEME ORE Se oP ea 245 ,000 
Total plant cost (insurance-tax base).......-...eeeeeeereeeoes 12,497,000 
PREGCLESCAQUL IRE CONS ELIUCELON 3. 05 sos svc 000 a ea sigur lo Velataratels ovetenesaeieais Js 312,400 
SUDEGER LORE. F ..QIING S . ATIRE RIN. oe eos eM abRe a AL TS Stee ve eheleictace econ 12,809,400 
eM URE I Bsa a bn ede) 0 5 wie katte MUM e to 5.6 beth ooo 0 soi, 5, 420 woe he hobs Mees 1,069, 700 
Total capital requirements............... eos eee es yt 135879, 100 


TABLE 66. - Calculation of coal-selling price (Montana) 


12 percent--20 years 
R = $13,879,100/7.469 = $1,858,200 


less depreciation - 920 , 600 
$937,600 = depletion + net profit 


Depletion + net profit = 3/4 gross profit 
Gross profit = 4/3 X $937,600 = $1,250,100 


Sales = operating cost + gross profit 


= $6,943,400 + $1,250,100 = $8,193,500 
Selting prices €on=-95,193,500/5,000,.000 = $1.64 << 
Depletion = 50 percent of gross profit ona, 
F.1.T. = 50 percent of taxable income 
GU OTN) Cate stam s\n 2's bees aS ora e oa Bierce Wrntesieonte yh bte wk 6 $1,250,100 
DOR VELAOMS c's... a sete: 0 o's» wate bis a ae 0. Ae ee Ree ss 625,050 
eee CATV SIE Ee fe ac inka OPW aA die Sole ee boeken e BIN a breL Ew ale oe wae 625,050 
Reger Det mem Lax CE, 1 2) 0\)irls ahsis)s.e'sce oo. ae sa lpte dp ple shee .0'6.» 3125200 
Te eek os a lee skin Se ole by ® dbia im elem ig te ao bie 88 8 Jikan OU 
Cash flow = net profit + depreciation + depletion 
= $312,600 + $920,600 + $625,000 = $1,858,200 
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Appendix C 


Cl 


Alterations to U.S. Bureau of Mines IC 8632 to calculate 


‘longwall costs. 





I. Alterations to table D-1, Capital Investment 


Item 


continuous miner 
loading machine 
shuttle car 

roof bolter 
auxiliary fan 
mantrip vehicle 

rock dusters (local) 
rock dusters (machine) 
section power center 
section rectifier 
section switch house 


Quantity 


10 


II. Additional Longwall Investment 


face supports 

stage loader 
hydraulic drives 
face conveyor (total) 
shearer, double drum 
control units 


total 
savings 


increase 


Cost 


$1,206,500 
322,500 
593,000 
213,000 
60,000 
280,000 
35,000 
133,000 
460,000 
40,000 
150,000 

~ $3,493,000 
$10,492,000 


$17,250,000 
750,000 
450,000 
2,925,000 
3,540,000 
300,000 
$25,265,000 


Equipment change total increase (I&II) $14,773,000 


III. Alteration of labor requirements table D-2. 


Personnel 


continuous miner operator 
loading machine operator 
machine operator helper 
shuttle car operator 

roof bolter 


bratticeman 
utility man | 
mechanic 
total 
decrease 


Quantity 


Pz 
le 
2 
24 
24 
12 
12 
te 


120 
540 


Annual Cost 


$133,760 
126,500 
126,500 
231,880 
253,000 
114,619 
119,536 
133,760 
$1,239,556 


$5,578,004 
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III. Continued, 
Section foreman 


saving 


IV. Additional longwall crews 


master controller operator 
shearer operator 
chock operator 


mechanic 
timberman 
utility man 
total 
Net Change 


V. Financial Change 


Capital Investment 
Labor Requirements 


decreased cost 


at 5,000,000 tons per year for 20 years 


Savings per ton, 


CZ 


$642,600 
$189,000 


$434,720 
869,440 
1,233,375 
434,720 
822,250 
388,493 
$4,183,000 


-$1,584,000/year 


$14,773,000 


= 31 »680,000 


$17,000,000 


= 100,000,000 tons 


$0217 
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